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IMPORTANT NOTICE 

Micron Technology, Inc. reserves the right to change products or specifications 
without notice. Customers are advised to obtain the latest versions of product 
specifications, which should be considered in evaluating a product's appropriate- 
ness for a particular use. There is no assurance that Micron's semiconductors are 
appropriate for any application by a customer. 


MICRON TECHNOLOGY, INC. MAKES NO WARRANTIES EXPRESSED OR 
IMPLIED OTHER THAN COMPLIANCE WITH MICRON'S SPECIFICATION 
SHEET FOR THE COMPONENT AT THE TIME OF DELIVERY. ANY CLAIM 
AGAINST MICRON MUST BE MADE WITHIN NINETY (90) DAYS FROM THE 
DATE OF SHIPMENT FROM MICRON, AND MICRON HAS NO LIABILITY 
THEREAFTER. ANY MICRON LIABILITY IS LIMITED TO REPLACEMENT OF 
DEFECTIVE ITEMS OR RETURN OF AMOUNTS PAID FOR DEFECTIVE ITEMS 
(AT THE BUYER'S ELECTION). 

MICRON'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COM- 
PONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS 
WRITTEN APPROVAL OF THE PRESIDENT OF MICRON TECHNOLOGY, INC. 
AS USED HEREIN: 

A. LIFE SUPPORT DEVICES OR SYSTEMS ARE DEVICES OR SYSTEMS WHICH 
(1) ARE INTENDED FOR SURGICAL IMPLANT INTO THE BODY, OR (2) SUP- 
PORT OR SUSTAIN LIFE AND WHOSE FAILURE TO PERFORM WHEN PROP- 
ERLY USED IN ACCORDANCE WITH INSTRUCTIONS FOR USE PROVIDED IN 
THE LABELING CAN BE REASONABLY EXPECTED TO RESULT IN A SIGNIFI- 
CANT INJURY TO THE USER. 

B. CRITICAL COMPONENT IS ANY COMPONENT OF A LIFE SUPPORT 
DEVICE OR SYSTEM WHOSE FAILURE TO PERFORM CAN BE REASONABLY 
EXPECTED TO CAUSE THE FAILURE OF THE LIFE SUPPORT DEVICE OR 
SYSTEM OR TO AFFECT ITS SAFETY OR EFFECTIVENESS. 
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CONTENTS OVERVIEW 


The MOS Data Book has been organized into 11 sections and includes complete 
detailed specifications on our growing, high-performance CMOS and NMOS 
product line. 

Sections 1 through 8 cover individual product families. Each section contains a 
product selection guide followed by data sheets. Three different types of data sheets 
are used: Advance Information, which contains initial descriptions of products still 
under development; Preliminary Information, which contains initial device charac- 
terization limits that are subject to change upon full characterization of production 
devices; and Final Information, which contains minimum and maximum limits 
specified over the complete power supply and temperature range for production 
devices. 

Section 9 contains application and technical information. 

Section 10 contains selected information about Micron's growing Defense Electronics 
product offering. 

Section 11 contains packaging information. 

Section 12 contains ordering information, product quality and reliability informa- 
tion and a list of sales representatives and distributors by geographical location for 
the North American Continent, Europe and Asia. 

Additional or updated information on any Micron product is available from: 


MICRON TECHNOLOGY, INC. 
Marketing Department 

2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 368-3900 
FAX: (208) 368-4617 
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DRAM PRODUCT SELECTION GUIDE 
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PM = Page Mode, FPM = Fast Page Mode, SC = Static Column, LP = Low Power, QCP = Quad CAS Parity, WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS 
'Consult factory on availability of TSOP packages 







































































64K x 1 DRAM 

PAGE MODE 


FEATURES 

• Industry standard pinout, functions and timing 

• Single +5V ±10% power supply 

• Low power, 15mW standby; 75m W active, typical 

• Common I/O using EARLY- WRITE 

• Q held indefinitely by CAS 

• 256-cycle refresh in 4ms 

• Fully compatible with MT1259 (256K) 

• Optional PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

100ns access -10 

120ns access -12 

150ns access -15 

200ns access -20 

• Packages 

Plastic DIP None 

Ceramic DIP C 


GENERAL DESCRIPTION 

The MT4264 is a randomly accessed solid-state memory 
containing 65,5 36 bits organized in a xl configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 16 address bits, which are entered 8 
bits (A0 -A 7) at a time. RAS is used to latch the first 8 bits 
and CAS the lat ter 8 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W RITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pin(s), data out ( Q) is a ctivated 
and retains the sel ected c ell da ta as long as CAS remains 
LOW (regardless of WE or RAS). This late WE pulse results 
in a READ-WRITE cycle. 

PAGE MODE operations allow faster data operations 



(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (A0-A7) defined page boundary. The PAGE MODE 
cycle is always initiated with a row address strobed-in by 
RAS followed by a column address strobed-in by CAS. 
CAS may be toggled-in by holding RAS LOW and strobing- 
in different column addresses, thus executing faster memory 
cycles. Returning RAS HIGH terminates the PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ON LY or HIDDEN RE- 
FRESH) so that all 256 combinations of RAS addresses (A0- 
A7) are executed at least every 4ms, regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 

PAGE MODE 



TRUTH TABLE 


Function 

RAS 

CEE 

WE 

Addresses 


X R 

l c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

(EARLY-WRITE) 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

PAGE-MODE 

READ 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out, 

Valid Data Out 

PAGE-MODE 

WRITE 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In, 

Valid Data In 

PAGE-MODE 

READ-WRITE 

L 

H-L-H 

H-L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

RAS-ONLY 

REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

CA5-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,2,3, 4, 6) (0°C ST A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Input leakage current, any input (0V < Vin < Vcc); 1 
all other pins not under test = 0V 

ll 

-10 

10 

jliA 


OUTPUT LEAKAGE 

Output leakage current (Q is disabled; 

0V < Vout < Vcc) 

loz 

-10 

10 

jjA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

STANDBY CURRENT 
(RAS = CAS = Vih 
after 8 RAS cycles) 

Icci 


4 

mA 


OPERATING CURRENT 
(RAS and CAS Cycling) 

ICC2 


30 

mA 

2 

RAS-ONLY REFRESH CURRENT 
(CAS = Vih) 

ICC3 


20 

mA 

2 

PAGE MODE CURRENT 
(RAS = Vil; CAS = Cycling) 

ICC4 


30 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7, D 

Cm 


5 

PF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


8 

PF 

18 

Output Capacitance: Q 

Co 


8 

PF 

18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < T A < 70°C; Vcc = 5.0V ±10%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 

-20 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

195 


230 


260 


330 


ns 

6,7 

READ-MODIFY-WRITE cycle time 

*RWC 

220 


255 


295 


370 


ns 


PAGE-MODE cycle time 

'PC 

90 


100 


120 


170 


ns 

6,7 

Access time from RAS 

•RAC 


100 


120 


150 


200 

ns 

7,8 

Access time from CAS 

•CAC 


50 


60 


75 


120 

ns 

7,9 

RAS pulse width 

•RAS 

100 

10,000 

120 

10,000 

150 

10,000 

200 

10,000 

ns 


RAS hold time 

tRSH 

50 


60 


75 


100 


ns 


RAS precharge time 

*RP 

80 

20,000 

90 

20,000 

100 

20,000 

120 

20,000 

ns 


CAS pulse width 

•CAS 

50 

10,000 

60 

10,000 

75 

10,000 

120 

10,000 

ns 


CAS hold time 

•CSH 

100 


120 


150 


200 


ns 


CAS precharge time 

X CPH 

25 


25 


30 


35 


ns 

19 

CAS precharge time (PAGE MODE) 

'CP 

30 


30 


35 


40 


ns 


RAS to CAS delay time 

X RCD 

25 

50 

25 

60 

25 

75 

30 

80 

ns 

13 

Row address setup time 

X ASR 

0 


0 


0 


0 


ns 


Row address hold time 

•RAH 

15 


15 


20 


25 


ns 


Column address setup time 

•asc 

0 


0 


0 


0 


ns 


Column address hold time 

•CAH 

20 


20 


25 


50 


ns 


Column address hold time 

•AR 

70 


80 


100 


130 


ns 


referenced to RAS 












READ command setup time 

tRCS 

0 


0 


0 


0 


ns 


READ command hold time 

l RCH 

0 


0 


0 


0 


ns 

14 

referenced to CAS 












READ command hold time 

X RRH 

0 


0 


0 


0 


ns 


referenced to RAS 












Output buffer turn-off delay 

•off 

0 

30 

0 

30 

0 

35 

0 

40 

ns 

12 

WE command setup time 

{ \NCS 

0 


0 


0 


0 


ns 

16 

WRITE command hold time 

ty/CH 

35 


40 


45 


60 


ns 


WRITE command hold time 

*WCR 

85 


100 


120 


140 


ns 


referenced to RAS 












WRITE command pulse width 

•WP 

35 


40 


45 


50 


ns 


WRITE command to RAS lead time 

t RWL 

35 


40 


45 


55 


ns 


WRITE command to CAS lead time 

l CWL 

35 


40 


45 


55 


ns 


Data-in setup time 

l DS 

0 


0 


0 


0 


ns 

15 

Data-in hold time 

'DH 

35 


40 


45 


55 


ns 

15 

Data-in hold time 

•DHR 

85 


100 


120 


135 


ns 


referenced to RAS 












CAS to WE delay 

•CWD 

40 

' 

50 


60 


100 


ns 

16 

RAS to WE delay 

•RWD 

90 


110 


135 


180 


ns 

16 

Transition time (rise or fall) 

n 

3 

100 

3 

100 

3 

100 

3 

100 

ns 

5, 17 

Refresh period (256 cycles) 

•REF 


4 


4 


4 


4 

ms 


CAS to RAS setup time 

•CRP 

10 


15 


20 


20 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (CPC < T A < 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that tRCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 


13. Operation within the f RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. *RCH is referenced to the first rising edge of RAS or 
CAS 

15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ- WRITE cycles. 

16. tWCS, *RWD and l CWD are restrictive operating 
parameters in late READ- WRITE and READ- 
MODIFY -WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tWD > *CWD (MIN) and 5RWD > 
l RWD (MIN), the cycle is a READ-WRITE and the 
data output will contain data read from the selected 
cell. If neither of the above conditions are met, the 
state of Q (at access time and until CAS goes back to 
Vih) is indeterminate. 

17. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

19. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 
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PAGE-MODE EARLY-WRITE CYCLE 



RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A y ) 






MICRON MT1259 

■ TECHNOLOGY, INC. 


DRAM 256 K x 1 DRAM 

PAGE MODE 


FEATURES 

• Industry standard pinout, timing and functions 

• All inputs, outputs, and clocks are fully TTL compat- 
ible 

• Single +5V±10% power supply 

• Low power, 15mW standby; 150mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 256-cycle refresh in 4ms 

• Optional PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 


100ns access 

-10 

120ns access 

-12 

150ns access 

-15 

• Packages 

Plastic DIP 

None 

Ceramic DIP 

C 

Plastic ZIP 

Z 

PLCC 

EJ 


GENERAL DESCRIPTION 

The MT1259 is a randomly accessed solid-state memory 
containing 262,144 bits organized in a xl configuration. The 
1 8 address bits are entered 9 bits at a time using RAS to latch 
the first 9 bits and CAS the latter 9 bits. If the WE pin goes 
LOW prior to CAS going L OW, the output pin remains open 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, the output pin is activated and retains the 
selected cell data as long as CAS remains LOW (regardless 
of WE or RAS). This late WE pulse results in a READ- 
MODIFY- WRITE cycle. Data-in (D) is latched when WE 
strobes LOW. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ, WRITE, LATE-WRITE or READ- 
MODIFY -WRITE cycles within the RAS address defined page 
boundary. Returning RAS HIGH terminates the memory 



cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing a RAS (refresh) 
cycle so that all 256 combinations of RAS addresses are ex- 
ecuted at least every 4ms (regardless of sequence). Micron 
recommends evenly spaced refresh cycles for maximum 
data integrity. 
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FUNCTIONAL BLOCK DIAGRAM 

PAGE MODE 


WE < 
CAS < 


O 


NO. 2 CLOCK 
GENERATOR 


Ao c 
Ai c 
A 2 < 
A 3 c 
A 4 c 
A 5 < 
Ag < 
A 7 < 


r*> 


COLUMN 
ADDRESS 
BUFFER (10) 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


REFRESH 

CONTROLLER 




REFRESH 

COUNTER 


Li*> 




ROW 

ADDRESS 
BUFFERS (9) 




U-- 1024 --U 


COLUMN 

DECODER 


1 


SENSE AMPLIFIERS 
I/O GATING 


8 


NO. 1 CLOCK 
GENERATOR 


J 


i> 


OO 
cc o 


MEMORY 

ARRAY 


“° v C( 

“O Voc 


TRUTH TABLE 


Function 

EAS 

CAS 

WE 

Addresses 



x c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

(EARLY-WRITE) 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L-*H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

PAGE-MODE 

READ 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out, 

Valid Data Out 

PAGE-MODE 

WRITE 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In, 

Valid Data In 

PAGE-MODE 

READ-WRITE 

L 

H-L-H 

H-L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

MS-ONLY 

REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

CAg-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 . 2, 3, 4, 6) (0°C < T^< 70°C; Vcc = 5.0V +10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Input leakage current, any input (0V < Vin < Vcc), 
all other pins not under test = 0V 

ll 

-10 

10 

pA 


OUTPUT LEAKAGE 

Output leakage current (Q is disabled, 

0V < Vout < Vcc) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-10 

-12 

-15 

UNITS 

NOTES 

STANDBY CURRENT: TTL input levels 
(RAS = CAS = Vih after 8 RAS cycles) 

Icci 

5 

5 

5 

mA 


OPERATING CURRENT: Random READ/WRITE 
(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

ICC2 

55 

55 

45 

mA 

2 

OPERATING CURRENT: PAGE MODE 
(RAS = Vil; CAS = Cycling: ‘PC = 'PC (MIN)) 

ICC3 

55 

55 

45 

mA 

2 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; 'RC = 'RC (MIN)) 

ICC4 

40 

40 

35 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling; *RC = 'RC (MIN)) 

ICC5 

55 

55 

45 

mA 

2, 20 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8, D 

Cm 


5 

PF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


8 

PF 

18 

Output Capacitance: Q 

Co 


7 

pF 

18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C <T A < 70°C; Vcc = 5.0V ±10%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

190 


220 


260 


ns 

6,7 

READ-MODIFY-WRITE cycle time 

*RWC 

220 


255 


295 


ns 


PAGE-MODE cycle time 

tpc 

90 


100 


120 


ns 

6,7 

Access time from RAS 

'RAC 


100 


120 


150 

ns 

7,8 

Access time from CAS 

'CAC 


50 


60 


75 

ns 

7,9 

RAS pulse width 

<RAS 

100 

10,000 

120 

10,000 

150 

10,000 

ns 


RAS hold time 

'RSH 

50 


60 


75 


ns 


RAS precharge time 

l RP 

80 


90 


100 


ns 


CAS pulse width 

'CAS 

50 

10,000 

60 

10,000 

75 

10,000 

ns 


CAS hold time 

<CSH 

100 


120 


150 


ns 


CAS precharge time 

tCPN 

25 


25 


30 


ns 

19 

CAS precharge time (PAGE MODE) 

'CP 

30 


30 


35 


ns 


RAS to CAS delay time 

*RCD 

25 

50 

25 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

*CRP 

15 


20 


20 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

15 


15 


15 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

20 


20 


25 


ns 


Column address hold time 
referenced to RAS 

l AR 

70 


80 


100 


ns 


READ command setup time 

'RCS 

0 


0 


0 


ns 


READ command hold time 
referenced to CAS 

'RCH 

0 


0 


0 


ns 

14 

READ command hold time 
referenced to RAS 

t RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

30 

0 

30 

0 

35 

ns 

12 

WE command setup time 

•wcs 

0 


0 


0 


ns 

1 

WRITE command hold time 

l WCH 

35 


40 


45 


ns 


WRITE command hold time 
referenced to RAS 

*WCR 

85 


100 


120 


ns 


WRITE command pulse width 

twp 

35 


40 


45 


ns 


WRITE command to RAS lead time 

l RWL 

35 


40 


45 


ns 


WRITE command to CAS lead time 

*CWL 

35 


40 


45 


ns 


Data-in setup time 

t)S 

0 


0 


0 


ns 

15 

Data-in hold time 

*DH 

35 


40 


45 


ns 

15 

Data-in hold time 
referenced to RAS 

tDHR 

85 


100 


120 


ns 


CAS to WE delay 

l CWD 

40 


50 


60 


ns 

16 ! 

RAS to WE delay 

tRWD 

90 


110 


135 


ns 

16 

Transition time (rise or fall) 

*T 

3 

100 

3 

100 

3 

100 

ns 

5, 17 

Refresh period (256 cycles) 

tREF 


4 


4 


4 

ms 

21 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'em 

20 


25 


30 


ns 

20 

CAS setup time 
(CAS-BEFORE-RAS) refresh 

'CSR 

15 


20 


20 


ns 

20 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 

20 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100|is is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that l RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 


specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

14. *RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and to the WE leading 

edge in LATE-WRITE or READ-MODIFY- WRITE 
cycles. 

16. 4 WCS, l CWD and f RWD are restrictive operating 
parameters in READ-WRITE and READ-MODIFY- 
WRITE cycles only. If *WCS > <WCS (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
*CWD > l CWD (MIN) and *RWD > *RWD (MIN), the 
cycle is a READ- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of Q (at access 
time and until CAS goes back to Vih) is indeterminate. 

17. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

19. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CP. Note 8 applies to determine 
valid data out. 

20. On-chip refresh and address counters are enabled. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 
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MT4C1024 


DRAM 1 MEG x 1 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS; and 
HIDDEN 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300mil) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (***) 

VG 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C1024 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WR ITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 

(A-3, B-2) 


20-Pin ZIP 

(C-2) 


D C 1 - 

WE [2 
RAS [3 
**TF C 4 
A0 [5 
A1 [6 
A2 [ 7 
A3 [8 
VccC9 


1 8 1 Vss 
17 IQ 
163CAS 
15 ]A9* 
14 J A8 
13]A7 
12 1A6 
11 ]A5 
1Q]A4 


A9* 

Q 

D 

RAS 

NC 


A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


20-Pin SOJ 

(E-1) 


2 CAS 
4 Vss 

6 We 

8 TF“ 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
\-Ei20 A8 


B_] Vss 
5 1 Q 
4 1 CAS 
3 3 NC 
2 ] A9* 


A2 C 1 
A3 C 1 
Vcc [ 1 


17 3A7 
16 3A6 
15 ] A5 
14 ] A4 


‘Address not used for RAS-ONLY refresh 

“TF = Test Function, Vin must not exceed Vcc+1 V for normal operation 
“‘Consult factory on availability of TSOP packages 


FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 512 combinations of RAS ad- 
dresses (A0 -A8) are executed at least every 8ms, regardless 
of sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 


MT4C1024 
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MT4C1024 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

ES5 

CAS 

WE 

Address 

DATA 

l R 

l c 

D (Data In) 

Q (Data Out) 

Standby 

H 

X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-*L 

ROW 

COL 

Valid Data In 

Valid Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Don’t Care 

Valid Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

High-Z 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-+L 

n/a 

COL 

Valid Data In 

Valid Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

High-Z 

CAS-BEFORE-RAS 

REFRESH 

H->L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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MT4C1024 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -55°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600mW 

Soldering Temperature (soldering 10 sec) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,25 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

h 

-2 

2 

nA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS=Vih: *RC = X RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V + 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

'RWC 

155 


175 


205 


ns 


FAST-PAGE-MODE READ 
or WRITE cycle time 

'PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

65 


70 


85 


ns 


Access time from RAS 

l RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

*CPA 


40 


45 


50 

ns 


RAS pulse width 

l RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

*CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

l CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

X RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'wcs 

0 


0 


0 


ns 

21 
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NOTES 

1. All voltages referenced to Vss. 17. Operation within the t RCD (MAX) limit ensures that 

2. This parameter is sampled. Capacitance is calculated t RAC (MAX) can be met. t RCD (MAX) is specified as 

from the equation C = I dt /dv with dv = 3V and Vcc = 5V. a reference point only; if *RCD is greater than the 

3. Icc is dependent on cycle rates. specified *RCD (MAX) limit, then access time is 

4. Icc is dependent on output loading and cycle rates. controlled exclusively by tCAC. 

Specified values are obtained with minimum cycle 18. Operation within the *RAD (MAX) limit ensures that 

time and the output open. t RCD (MAX) can be met. *RAD (MAX) is specified as 

5. Enables on-chip refresh and address counters. a reference point only; if t RAD is greater than the 


6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < tRCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. Assumes that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 


specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. twCS, tRWD, tAWD and k CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > *RWD (MIN), f AWD > <AWD 
(MIN) and tWD > tWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE- WRITE and 
the state of Q is indeterminate, (at access time and 
until CAS goes back to Vih) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or RE AD-MODIFY -WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -0.2V. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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EARLY-WRITE CYCLE 



f^l DON’T CARE 
R®] UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 


RAS 


CAS 


ADDR 


WE 


D 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



[jjjjjj UNDEFINED 


‘PC is for LATE-WRITE only. 
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MT4C1026 


DRAM 1 MEG x 1 DRAM 

STATIC COLUMN 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional STATIC COLUMN access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300m.il) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (***) 

VG 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C1026 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A lo gic H IGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q) 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 

(A-3, B-2) 


d E 1 • 

WE ^2 
RASf 3 
**TF E 4 
A0C5 
A1 [6 
A2 E 7 
A3 E 8 
VccEg 


1 8 2 Vss 
17 ]Q 


El CAS 
]A9* 


12 


1 4 El A8 
13 El A7 


UA6 


11 El A5 
10 El A4 


20-Pin ZIP 

(C-2) 


A9* 

Q 

D 

RAS 

NC 


A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


20-Pin SOJ 

(E-1) 


2 CAS 
4 Vss 

6 We 

8 TF** 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
Eli 20 A8 



‘Address not used for RAS-ONLY refresh 

**TF = Test Function, Vin must not exceed Vcc+1 V for normal operation 
“‘Consult factory on availability of TSOP packages 


STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled by holding RAS LOW 
and strobing-in different colum n addr esses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
STATIC CO LUMN op eration . 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS'-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 8ms, regardless 
of sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 


MT4C1026 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

eas 

zss 

— 

WE 

Address 

DATA 

l R 

x c 

D (Data In) 

Q (Data Out) 

Standby 

H 

X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H— L 

ROW 

COL 

Valid Data In 

Valid Data Out 

STATIC COLUMN 
READ 

1 st Cycle 

L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

2nd Cycle 

L 

L 

H 

n/a 

COL 

Don’t Care 

Valid Data Out 

STATIC COLUMN 
EARLY-WRITE 

1st Cycle 

L 

L 

L 

ROW 

COL 

Valid Data In 

High-Z 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

Valid Data In 

High-Z 

STATIC COLUMN 
READ-WRITE 

1 st Cycle 

L 

L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

Valid Data In 

Valid Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-^H^L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

WRITE 

L— H— L 

L 

L 

ROW 

COL 

Valid Data In 

High-Z 

CAS-BEFORE-RAS 

REFRESH 


H-L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -55°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600mW 

Soldering Temperature (soldering 10 sec) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,25 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

" 

-2 

2 

t*A 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

tiA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: x RC = X RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: >RC = 'RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 


1-33 


| DRAM 




DRAM 


MICRON 

I TECHNOLOGY, INC. 


MT4C1026 



CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

PF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

l RWC 

155 


175 


205 


ns 


STATIC-COLUMN READ 
or WRITE cycle time 

'sc 

40 

. 

45 


55 


ns 


STATIC-COLUMN READ-WRITE 
cycle time 

tSRMC 

70 


80 


100 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


25 

ns 

15 

Access time from column address 

X AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

'RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

{ CSH 

70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

*RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

^AH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

<CLZ 

0 


o 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

A/VCS 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 


_ __ -10 . 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

X \NCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

H/vcr 

55 


60 


75 


ns 


Write command pulse width 

'wp 

15 


15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

'DHR 

55 


60 


75 


ns 


RAS to WE delay time 

! RWD 

70 


80 


100 


ns 

21 

Column address 
to WE delay time 

*AWD 

35 


40 


50 


ns 

21 

CAS to WE delay time 

X C\ND 

20 


20 


25 


ns 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

X REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

‘RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

X CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

15 


15 


15 


ns 

5 

Write inactive time 

X \N\ 

10 


10 


10 


ns 


Last WRITE to column address 
delay time 

*LWAD 

20 

30 

20 

35 

25 

45 

ns 


Last WRITE to column address 
hold time 

•ahlw 

65 


75 


95 


ns 


RAS hold time referenced to OE 

‘ROH 

10 


10 


10 


ns 


Output data hold time from 
column address 

^OH 

5 


5 


5 


ns 


Output data enable from WRITE 

{ OW 

•AA 


X AA 


X AA 


ns 


Access time from last WRITE 

*ALW 

65 


75 


95 


ns 


Column address hold time 
referenced to RAS HIGH 

! ah 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

'CSC 

'CAS 


'CAS 


'CAS 


ns 


Output data hold from WRITE 

x \NOH 

0 


0 


0 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that fc RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 


17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified fc RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. tWCS, l RWD, l AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > *RWD (MIN), { AWD > *AWD 
(MIN) and l CWD > tCWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE- WRITE and 
the state of Q is indeterminate, (at access time and 
until CAS goes back to Vih) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -0.2V. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 


<RAD 

{ ASR { RAH . 



l CRP 

m 'CSH 






l CAS 





- / 


~\ 





l CWD 




<AWD 





: 



l RWD 




^ { OEA 




- l DS_ | 

1 *DH 

L 




m 

H 

* VALID DATA | 


STATIC-COLUMN READ CYCLE 


* ASR I j *RAH 
k ROW ' 


*RAL l AF 

COLUMN 


l CAS 



t RSH r j 
t CAS ,, to 


DON’T CARE 
UNDEFINED 





STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS Controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE Controlled) 



[22 DON'T CARE 
H UNDEFINED 
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STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



( ASR 1 1 [ ’RAH 
ROW 


r 

*AWD , 


'lwad 

ii 


[ COLUMN ] 

W//M 


'CWD 

*CAH 


1 




— 1 


< t WP 







hps 

tDH 

a_L 



EA5-ONLY REFRESH CYCLE 

(ADDR = A 0 - A 8 ; A g and WE = DON’T CARE) 



CA5-BEFORE-T5S5 REFRESH CYCLE 

(A 0 - A g and WE = DON’T CARE) 


JRPC 

JCPN , *CSR ‘CHR 


3 DON’T CARE 
] UNDEFINED 




HIDDEN REFRESH CYCLE 

(WE = HIGH ) 23 


(READ) (REFRESH) 



HIDDEN REFRESH CYCLE 

(WE = LOW) 


(WRITE) (REFRESH) 



[ SS3 UNDEFINED 
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DRAM 1 MEG x 1 DRAM 

LOW POWER, FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, l.OmW standby; 150mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 64ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional FAST PAGE MODE access cycle 

• Low CMOS STANDBY CURRENT, 200p A maximum 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300mil) 

C 

Plastic ZIP (350mil) 

z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (***) 

VG 

• Operating Temperature, Ta 


Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C1027 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 1 0 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 20-Pin ZIP 

(A-3, B-2) (C-2) 


pdl- w i8bvss 
WE [ 2 17 ]Q 

RAS E 3 16 3 GAS 

**TF 1 4 15 1A9* 

AO [5 14 HA8 

AlC6 13]A7 
A2 E 7 12 HA6 

A3 [8 1 1 ]A5 

VccT 9 10]A4 


20-Pin SOJ 

(E-1) 


A9* 

Q 

D 

RAS 

NC 

AO 

A2 

Vcc 

A5 

A7 



CAS 

Vss 

We 

TF** 

NC 

A1 

A3 

A4 

A6 

A8 


D 

WE 

RAS 

*‘TF 

NC 


AO 

A1 

A2 

A3 

Vcc 


Vss 

Q 

CAS 

NC 

A9* 


A8 

A7 

A6 

A5 

A4 


e 1 • 

26 ] 

c 2 

25 ] 

C 3 

24 ] 

l 4 

23 ] 

: 5 

22 ] 

C 9 

18 ] 

: 10 

17 ] 

c 11 

16 ] 

: 12 

15 ] 

C 13 

14 ] 


*Address not used for RAS-ONLY refresh 

**TF = Test Function, Vin must not exceed Vcc+1 V for normal operation 
***Consult factory on availability of TSOP packages 


FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY- WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column a ddress strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E oper ation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 64ms, regardless 
of sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 


MT4C1027 
REV. 1/91 


1-43 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 


| DRAM 




DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT4C1027 



FUNCTIONAL BLOCK DIAGRAM 

LOW POWER, FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

r£5 

Ca5 

WE 

Address 

DATA 

l R 

*C 

D (Data In) 

Q (Data Out) 

Standby 

H 

X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Don’t Care 

Valid Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

High-Z 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-*L 

ROW 

COL 

Valid Data In 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Valid Data In 

Valid Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

High-Z 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -55°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600mW 

Soldering Temperature (soldering 10 sec) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 25 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

tiA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: { RC = *RC (MIN)) 

ICC3 

75 

65 

60 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: *PC = 'PC (MIN)) 

ICC4 

55 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS=Vih: *RC = *RC (MIN)) 

ICC5 

200 

200 

200 

pA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC6 

75 

65 

60 

mA 

3,5 

BATTERY BACKUP REFRESH CURRENT 

Average power supply current during battery backup refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) of 

Ips; WE, A0-A9 and D in = Vcc -0.2V or 0.2V (D in may be left 
OPEN), l RC = 125ps (512 rows at 125ps = 64ms) 

JCC7 

200 

200 

200 

pA 

5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

PF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

tec 

130 


150 


180 


ns 


READ-WRITE cycle time 

towc 

155 


175 


205 


ns 


FAST-PAGE-MODE READ 
or WRITE cycle time 

toC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

65 


70 


85 


ns 


Access time from RAS 

toAC 


70 


80 


100 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


25 

ns 

15 

Access time from column address 

X AA 


35 


40 


50 

ns 


Access time from CAS precharge 

toPA 


40 


45 


50 

ns 


RAS pulse width 

toAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

^ ASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

toSH 

20 


20 


25 


ns 


RAS precharge time 

top 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

<CSH 

70 


80 


100 


ns 


CAS precharge time 

toPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

top 

10 


10 


10 


ns 


RAS to CAS delay time 

toCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

toRP 

5 


5 


5 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


15 


ns 


RAS to column- 
address delay time 

•rad 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

>ASC 

0 


0 


0 


ns 


Column address hold time 

toAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

toAL 

35 


40 


50 


ns 


Read command setup time 

toes 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

toCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

‘RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

toLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

to>FF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

<wcs 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

>WP 

15 


15 


20 


ns 


Write command to RAS lead time 

tRWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


25 


ns 


Data-in setup time 

•ds 

0 


0 


0 


ns 

22 

Data-in hold time 


15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

l DHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

70 


80 


100 


ns 

21 

Column address 
to WE delay time 

*AWD 

35 


40 


50 


ns 

21 

CAS to WE delay time 

*CWD 

20 


20 


25 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512-cycles) 

*REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

15 


15 


15 


ns 

5 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 64ms 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. Assumes that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 


17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by { AA. 

19. Either tRCH or fc RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, tRWD, tAWD and tWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > l RWD (MIN), tAWD > *AWD 
(MIN) and *CWD > l CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE- WRITE and 
the state of Q is indeterminate, (at access time and 
until CAS goes back to Vih) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -02V. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



Q 


VlH - 
V IL - 


FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Rjjjjj UNDEFINED 


*'PC is for LATE-WRITE only. 
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DRAM 4 MEG x 1 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225m W active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), and HIDDEN 

• FAST PAGE MODE access cycle 

• 300 and 350 mil wide SOJ packages 

• Two CBR options: CBR with WE a don't care (1 Meg 
compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Ceramic DIP (300mil) 

CN 

Ceramic DIP (400mil) 

C 

Plastic ZIP (350mil) 

z 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

Plastic TSOP (**) 

TG 

• CAS-BEFORE-RAS refresh 

CBR with WE a don't care 

None 

CBR with WE a HIGH 

j 


GENERAL DESCRIPTION 

The MT4C1004 is a randomly accessed solid-state mem- 
ory containing 4,194,304 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 1 1 
bits (A0-A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 


PIN ASSIGNMENT (Top View) 


18-Pin CDIP 20-Pin ZIP 

(B-2, B-3) (C-3) 



20-Pin SOJ 

(E-1 , E-2) 


A9 

Q 

D 

RAS 

NC 

AO 

A2 

Vcc 

A5 

A7 


CAS 

Vss 

WE 

A10* 

NC 

A1 

A3 

A4 

A6 

A8 


D 

WE 

RAS 

NC 

*A10 


AO 

A2 

A3 

Vcc 


Vss 

Q 

CAS 

NC 

A9 


A8 

A7 

A6 

A5 

A4 


CJj 26_] 

: 2 25 : 

[ 3 24 D 

[ 4 23 : 

[ 5 22 : 


[9 18 ] 
E 10 17 ] 
C 11 16 ] 
e 12 15 : 

E 13 14 3 


‘Address not used for RAS-ONLY refresh 
“Consult factory on availability of TSOP packages 


data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0-A10) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different colum n add resses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or H ID- 
DEN REFRESH) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regardless 
of sequence. The CAS-BEFORE-RAS cycle will invoke the 
refresh counter for automatic RAS addressing. 


MT4C1004 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

ras 

CAS 

WE 

Address 

DATA 

l R 

l c 

D (Data In) 

Q (Data Out) 

Standby 

H 

X 

X 

X 

X 

Don’t Care 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High Impedance 

READ-WRITE 

L 

L 

H— L 

ROW 

COL 

Valid Data In 

Valid Data Out 

FAST-PAGE- 
MODE READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Don’t Care 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

High Impedance 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

High Impedance 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Valid Data In 

Valid Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

High Impedance 

Cas-before- 
Ras refresh 

Standard 

H-L 

L 

X 

X 

X 

Don’t Care 

High Impedance 

"J" Option 

H-L 

L 

H 

X 

X 

Don’t Care 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < < 70°C; Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

HA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: 'RC = *RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10, D 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

PF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

t RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

•rwc 

135 


155 


175 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

*PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

60 


65 


70 


ns 


Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


40 


40 


45 

ns 

25 

RAS pulse width 

l RAS 

60 

100,00 

70 

100,00 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

100,00 

70 

100,00 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

{ RP 

45 


50 


60 


ns 


CAS pulse width 

X CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

’CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

>CP 

10 


10 


10 


ns 


RAS to CAS delay time 

‘RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

’CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

X RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

\ ASC 

0 


0 


0 


ns 


Column address hold time 

<CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

<AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

l RAL 

30 


35 


40 


ns 


Read command setup time 

•RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

Wes 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

'WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*rwl 

15 


20 


20 


ns 


Write command to CAS lead time 

'CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

t DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to FiAS) 

l DHR 

45 


55 


60 


ns 


RAS to WE delay time 

*RWD 

60 


70 


80 


ns 

21 

Column address 
to WE delay time 

WWD 

30 


35 


40 


ns 

21 

CAS to WE delay time 

*CWD 

15 


15 


20 


ns 

21 

Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

*REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

<CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

X \NRH 

10 


10 


10 


ns 

24 

WE setup time 

(CAS-BEFORE-RAS refresh) 

<WRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

WTH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

WTS 

10 


10 

* 

10 


ns 

24 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. Assumes that fc RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for kLPN. 


17. Operation within the l RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if ^RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. tWCS, l RWD, *AWD and f CWD are restrictive 
operating parameters in late WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
l WCS (MIN), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If tRWD > tRWD (MIN), <AWD > 
*AWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE- WRITE and 
the state of data out is indeterminate, (at access time 
and until CAS goes back to Vih) 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. fc WTS and *WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and HVRH in the 
CBR refresh cycle. 
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FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Djjjjj UNDEFINED 
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RAS-ONLY REFRESH CYCLE 

(AD DR = A 0 - A g ; A 1q and WE = DON’T CARE) 


*RAS 

l RP 






{ ASR _ | *RAH 


CA5-BEFORE-RAS REFRESH CYCLE 

(A q -A 10 = DON’T CARE) 





HIDDEN REFRESH CYCLE 

(WE = HIGH ) 23 


*AR I 

*RAD ^ m 1 { RAL 

JASR l RAH | 1 . { ASC_ I JCAH 


u tRP r | 

*RAS 


— i 




l CHR 



I DON’T CARE 
I UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 1 
Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and 
providing for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR 
for the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH 
mode to be a WCBR, which is CBR with the WE pin held 
at a logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This 
HIGH signal is usually a "supervoltage" (V in > 7.5V) so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 

POWER-UP 

The 4 Meg WCBR constraint may also introduce an- 
other problem. The 1 Meg POWER-UP cycle requires a 
lOOps delay followed by any 8 RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that 8 RAS-ONLY or CBR 
REFRESH ( WE held HIGH) cycles must be used. The 



restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test mode. 
The only way to exit the 4 Meg JEDEC test mode is with either 
a RAS-ONLY or a WCBR REFRESH cycle. 

SUMMARY 

1 . The optional 1 Meg test pin is the A10 pin on the 4 Meg . 

2. For optional test mode, the 1 Meg requires a valid HIGH 
on the test pin while the 4 Meg requires a CBR cycle with 
WE LOW. 

3 . The 1 Meg CBR REFRESH allows the WE pin to be "don' t 
care" while the 4 Meg CBR requires WE to be HIGH 
(WC BR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any valid 
RAS cycle while the 4 Meg may only use RAS-ONLY or 
WCBR REFRESH cycles. 

SPECIAL FEATURE 

A memory system currently using 1 Meg DRAMs with WE as 
a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some appli- 
cations will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 
1 MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power- 
up in the test mode. 



" « » liiBigl!^ DON’T CARE 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 4 MEG x 1 DRAM 

STATIC COLUMN 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), and HIDDEN 

• STATIC COLUMN access cycle 

• 300 and 350 mil wide SOJ packages 

• Two CBR options: CBR with WE a don't care (1 Meg 
compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Ceramic DIP (300mil) 

C 

Ceramic DIP (400mil) 

CN 

Plastic ZIP (350m.il) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

Plastic TSOP (**) 

TG 

• CAS-BEFORE-RAS refresh 

CBR with WE a don't care 

None 

CBR with WE a HIGH 

J 


GENERAL DESCRIPTION 

The MT4C1006 is a randomly accessed solid-state mem- 
ory containing 4,194,304 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 1 1 
bits (AO -A10) at a time. RAS is used to latch the first 1 1 bits 
and CAS the lat ter 1 1 bits. A READ or WR ITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 


PIN ASSIGNMENT (Top View) 


18-Pin CDIP 

(B-2, B-3) 


18 

17 

16 

15P, 


D C 
WEC; 
rasL 
*A10b 
A0C5 14p, 
A1 [ 6 13 

A2[ 

A3f 
VccL 


1 2 P , 
11 
10 


20-Pin ZIP 

(0-3) 


]Vss 

]Q 

]CAS 

A9 

A8 

pA7 

A6 

pA5 

pA4 


A9 

Q 

D 

RAS 

NC 


20-Pin SOJ 

(E-1.E-2) 


WE I 
RA§ I 


18 □ A8 
17 □ A7 


15 □ A5 
14 0 A4 


‘Address not used for RAS-ONLY refresh 
“Consult factory on availability of TSOP packages 


A0 11 
A2 13 
Vcc 15 
A5 17 


CAS 

Vss 

WE 

A10* 


;i 10 nc 

12 A1 
u 14 A3 
16 A4 
18 A6 
20 A8 


data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0- A 10) defined page boundary. The STATIC 
COLUMN c ycle is always initiated with a row address 
stro bed-in by R AS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or H ID- 
DEN REFRESH) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regardless 
of sequence. The CAS-BEFORE-RAS cycle will invoke the 
refresh counter for automatic RAS addressing. 


MT4C1006 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



‘NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

TOS 

CS5 

We 

Address 

DATA 

l R 

l C 

D (Data In) 

Q (Data Out) 

Standby 

H 

X 

X 

X 

X 

Don’t Care 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High Impedance 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

STATIC COLUMN 

READ 

1 st Cycle 

L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

2nd Cycle 

L 

L 

H 

n/a 

COL 

Don’t Care 

Valid Data Out 

STATIC COLUMN 

WRITE 

1 st Cycle 

L 

L 

L 

ROW 

COL 

Valid Data In 

High Impedance 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

Valid Data In 

High Impedance 

STATIC COLUMN 

READ-WRITE 

1 st Cycle 

L 

L 

H-L 

ROW 

COL 

Valid Data In 

Valid Data Out 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

Valid Data In 

Valid Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Valid Data Out 

WRITE 

L^H-L 

L 

L 

ROW 

COL 

Valid Data In 

High Impedance 

CA5-BEFORE- 

RAS REFRESH 

Standard 

H-+L 

L 

X 

X 

X 

Don’t Care 

High Impedance 

“J” Option 

H-L 

L 

H 

X 

X 

Don’t Care 

High Impedance 


1-68 











MICRON 

S TECHNOLOGY, INC. 


MT4C1006 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

nA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VoH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = X PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = *RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 


1-69 


DRAM 




DRAM 


MICRON 

i TECHNOLOGY, INC. 


MT4C1006 



CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10, D 

Cu 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

no 


130 


150 


ns 


READ-WRITE cycle time 

‘RWC 

135 


155 


175 


ns 


STATIC-COLUMN 

READ or WRITE cycle time 

‘SC 

40 


40 


45 


ns 


STATIC-COLUMN 

READ-WRITE cycle time 

'SRMC 

65 


70 


75 


ns 


Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

‘CPA 


40 


40 


45 

ns 

25 

RAS pulse width 

l RAS 

60 

100,00 

70 

100,00 

80 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

‘RASC 

60 

100,00 

70 

100,00 

80 

100,000 

ns 


RAS hold time 

‘RSH 

15 


20 


20 


ns 


RAS precharge time 

•RP 

45 


50 


60 


ns 


CAS pulse width 

tCAS 

15 

100 000 

20 

hi nn nnr\ 

on 

C-\J 

n nn r\r\r\ 

1 w,vuu 

ns 


CAS hold time 

‘CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (STATIC COLUMN) 

{ CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

‘CRP 

5 


5 


5 


ns 


Row address setup time 

‘ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

‘ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

‘AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

‘RAL 

30 


35 


40 


ns 


Read command setup time 

‘RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

*RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

‘RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

>OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

‘WCS 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


_ _ -6 __ 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

tWCR 

45 


55 


60 


ns 


Write command pulse width 

l WP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

'DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

toHR 

45 


55 


60 


ns 


RAS to WE delay time 

tRWD 

60 


70 


80 


ns 

21 

Column address 
to WE delay time 

tAWD 

30 


35 


40 


ns 

21 

CAS to WE delay time 

l CWD 

15 


15 


20 


ns 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

IrEF 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


10 


ns 

24 

WE setup time 

(CAS-BEFORE-RAS refresh) 

tWRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

WTH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

Wrs 

10 


10 


10 


ns 

24 

Write inactive time 

l WI 

10 


10 


10 


ns 


Last WRITE to column address 
delay time 

1WAD 

15 

25 

20 

30 

20 

35 

ns 


Last WRITE to column address 
hold time 

tAHLW 

55 


65 


75 


ns 


RAS hold time referenced to OE 

t ROH 

10 


10 


10 


ns 


Output data hold time from 
column address 

‘AOH 

5 


5 


5 


ns 


Output data enable from WRITE 

^w 

20 


20 


20 

. .. | 

ns 


Access time from last WRITE 

'ALW 

55 


65 


75 


ns 


Column address hold time 
referenced to RAS HIGH 

tAH 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

‘CSC 

‘CAS 


'CAS 


'CAS 


ns 


Output data hold from WRITE 

tWOH 

0 


0 


0 


ns 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If 5RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 


17. Operation within the l RCD (MAX) limit ensures that 
t RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified l RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the tRAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified l RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. WCS, fc RWD, f AWD and tWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If WCS > 
WCS (MIN), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If ^WD > *RWD (MIN), l AWD > 
XWD (MIN) and l CWD > 4 CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE- WRITE and 
the state of data out is indeterminate, (at access time 
and until CAS goes back to Vih) 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. t WTS and *WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of WRP and *WRH in the 
CBR refresh cycle. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



^ DON'T CARE 
KS UNDEFINED 




STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE controlled) 



DON'T CARE 
TO UNDEFINED 






STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



*RCD t CWD MCAH 



J7J) DON’T CARE 
UNDEFINED 




MICRON 

m TECHNOLOGY, INC. 


MT4C1006 


RAS-ONLY REFRESH CYCLE 

(ADDR = A 0 - A g ; A 1() and WE = DON’T CARE) 




tASR ! 

| , l RAH 



E ™ 3 



CS5-BEFORE-MA5 REFRESH CYCLE 

(V A io = D °NT CARE) 


l RP I I l RAS 


^RPC 

JCPN | l CSR ^CHR 


tRPC n *CSR l CHR 


HIDDEN REFRESH CYCLE 

(WE = HIGH ) 23 



COLUMN j 

( AA 

*RAC 

^ { CAC 
, t CLZ 


| DON’T CARE 
I UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The 4 Meg DRAM introduces two potential incompati- 
bilities compared to the previous generation 1 Meg DRAM. 
The incompatibilities involve refresh and power-up. Un- 
derstanding these incompatibilities and providing for them 
will offer the designer and system user greater compatibil- 
ity between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in > 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 

The 4 Meg WCBR constraint may also introduce another 
problem. The 1 Meg POWER-UP cycle requires a 1 OOjlls delay 
followed by any 8 RAS cycles. The 4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONLY or WCBR REFRESH (WE 
held HIGH) cycles must be used. The restriction is needed 


since the 4 Meg may power-up in the JEDEC specified test 
mode and must exit out of the test mode. The only way to 
exit the 4 Meg JEDEC test mode is with either a RAS-ONLY 
or a WCBR REFRESH cycle. 

SUMMARY 

1 . The optional 1 Meg test pin is the A10 pin on the 4 Meg . 

2. For optional test mode, the 1 Meg requires a valid 
HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be "don't 
care" while the 4 Meg CBR requires WE to be HIGH 
(WCB R). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 

A memory system currently using 1 Meg DRAMs with WE as 
a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com- 
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power- 
up in the test mode. 



CBR REFRESH: Wj WMMZZZMZZZZZm ^ DON'T CARE 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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MT4C10016/7 


DRAM 16 MEG xl DRAM 

FAST PAGE MODE: MT4C10016 
STATIC COLUMN: MT4C10017 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single power supply: +5V±10% or +3.3V±10% 

• Low power, 3mW standby; 250mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-MS 
(CBR), and HIDDEN 

• 4096-cycle refresh distributed across 64ms 


OPTIONS 

MARKING 

• Timing 

50ns access 

-5 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Plastic ZIP (475m.il) 

Z 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (*) 

TG 

• Refresh Period 

4096 cycles @ 64ms 

None 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 

• Power Supply 

+5V±10% 

None 

+3.3V±10% 

V 


GENERAL DESCRIPTION 

The MT4C10016/7 are randomly accessed solid-state 
memories containing 16,777,216 bits organized in a xl 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 24 address bits, which are 
entered 12 bits (AO -All) at a time. RAS is used to latch the 
first 12 bits and CAS the latter 12 bits. A READ or WRITE 
cycle is selected with the WE input. A logic HIGH on WE 
dictates READ mode while a logic LOW on WE dictates 
WRITE mode. During a WRITE cycle, data in (D) is latched 
by the falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the output pin 


PIN ASSIGNMENT (Top View) 


24-Pin SOJ 

(E-7) 



24-Pin ZIP 


A9 1 
CAS 3 
Q 5 
Vcc 7 
NC 9 
RAS 11 
A10 13 
A1 15 
A3 17 
Vss 19 
A5 21 
A7 22 



NC 

NC 

Vss 

D 

WE 

All 

AO 

A2 

Vcc 

A4 

A6 

A8 


‘Consult factory on availably of TSOP packages 


remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, data out (Q) is 
activated and retains the selected cell data as long as CAS 
remains LOW (regardless of WE or RAS). This late WE pulse 
results in a READ- WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, MS-ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN REFRESH) so that all 2048/4096 combinations of 
RAS addresses (A0-A10/A11) are executed at least every 
32ms /64ms, regardless of sequence. The CBR refresh cycle 
will invoke the refresh counter for automatic RAS ad- 
dressing. 

The MT4C10016/7 are available with either 2048 cycles or 
4096 cycles of refreshing. If CBR refresh is used, the 2048- 
cycle version will work in either a 2048 or a 4096 cycle 
application. 


MT4C10016/7 
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MT4067 


DRAM 64K x 4 DRAM 

PAGE MODE 


FEATURES 

• Industry standard pinout, timing and functions 

• All inputs, outputs, and clocks are fully TTL 
compatible 

• Single +5V±10% power supply 

• Low power, 15mW standby; 150mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 256-cycle refresh in 4ms 

• Optional PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

100ns access 

-10 

120ns access 

-12 

150ns access 

-15 

• Packages 

Plastic DIP 

None 

Ceramic DIP 

C 

Plastic ZIP 

Z 

PLCC 

EJ 


GENERAL DESCRIPTION 

The MT4067 is a randomly accessed solid-state memory 
containing 262,144 bits organized in a x4 configuration. The 
16 address bits are entered 8 bits at a time usingRAS to latch 
the first 8 bits and CAS the latter 8 bits. If the WE pin goes 
LOW prior to CAS g oing L OW, the output pin remains open 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, the output pin is activated and retains the 
selected cell data as long as CAS remains LOW (regardless 
of WE or RAS). This late WE pulse results in a READ- 
MODIFY-WRITE cycle. Data-in (D) is latched when WE 
strobes LOW. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ, WRITE, READ-WRITE or READ- 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 

(A-2, B-2) 


20-Pin ZIP 

(C-2) 


OEtl 
DQ1 £2 
DQ2C3 
WE [4 
RASC5 
A6t6 
A5 ^7 
A4[8 
Vcc 


~'C7 


18 
17 
16 
1 5 D 


1 4 P 

13 

12 

11 

10 


^Vss 
]DQ4 
]CAS 
DQ3 
AO 
]A1 
]A2 
3 A3 
]A7 


DQ3 

DQ4 

OE 

DQ2 

RAS 


NC 11 
A5 13 
Vcc 15 
A3 17 
A1 19 


18-Pin PLCC 

(D-1) 


O |UJ w O 
Q lO > Q 



/ • 


DQ2 3C 


3 16 CAS 

WE 40 


3 15 DQ3 

RAS 5C 


XX 

£ 

> 

0 

A6 6 d 


3 13 A1 

A5 7 C 


312 A2 


^ u u u u J 



8 

9 

10 

11 



0 K CO 



< u < < 



CAS 

Vss 

DQ 1 

WE 


10 NC 
12 A6 
14 A4 
16 A7 
18 A2 
20 AO 


MODIFY -WRITE cycl es with in the RAS address defined page 
boundary. Returning RAS HIGH terminates the memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS HIGH time. Memory cell data is retained in its correct 
state by maintaining power and execu ting a RAS (refresh) 
cycle so that all 256 combinations of RAS addresses are 
executed at least every 4ms (regardless of sequence) . Micron 
recommends evenly spaced refresh cycles for maximum 
data integrity. 


MT4067 
REV. 1/91 


1-81 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 


DRAM 



DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT4067 


FUNCTIONAL BLOCK DIAGRAM 

PAGE MODE 


WE 

CAS 



TRUTH TABLE 







Addresses 


Function 

hA5> 

CAS 

WE 

m 

l R 

4 C 


Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L-H 

L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

PAGE-MODE 

READ 

L 

H-L-H 

H 

L 

ROW 

COL 

Valid Data Out, 

Valid Data Out 

PAGE-MODE 

WRITE 

L 

H-L-H 

L 

H 

ROW 

COL 

Valid Data In, 

Valid Data In 

PAGE-MODE 

READ-WRITE 

L 

H-L-H 

H-L-H 

L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

RAS-ONLY 

REFRESH 

L 

H 

X 

H 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

L-H-L 

L 

X 

H 

ROW 

COL 

Valid Data Out 

CAS-BEFORE- 
RAS REFRESH 

H— L 

L 

X 

H 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 2 ,3, 4, 6) (0°C < T^< 70°C; Vcc = 5.0V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Input leakage current, any input (0V < Vin < Vcc), 
all other pins not under test = 0V 

ll 

-10 

10 

mA 


OUTPUT LEAKAGE 

Output leakage current (Q is disabled, 

0V < Vout < Vcc) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1) voltage (Iout = -5mA) 

Output Low (Logic 0) voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-10 

-12 

-15 

UNITS 

NOTES 

STANDBY CURRENT: TTL input levels 
(RAS = CAS = Vih after 8 RAS cycles) 

Icci 

5 

5 

5 

mA 


OPERATING CURRENT: Random READ/WRITE 
(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC2 

55 

55 

45 

mA 

2 

OPERATING CURRENT: PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC3 

55 

55 

45 

mA 

2 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih: 'RC = 'RC (MIN)) 

ICC4 

40 

40 

35 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling: ‘RC = 'RC (MIN)) 

ICC5 

55 

55 

45 

mA 

2, 22 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

18 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


8 

PF 

18 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11 , 17, 18) (0°C <T A < 70°C; Vcc = 5.0V ±10%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

‘RC 

190 


220 


260 


ns 

6,7 

READ-MODIFY-WRITE cycle time 

*RWC 

250 


295 


345 


ns 


PAGE-MODE cycle time 

l PC 

90 


100 


120 


ns 

6,7 

Access time from RAS 

‘RAC 


100 


120 


150 

ns 

7,8 

Access time from CAS 

‘CAC 


50 


60 


75 

ns 

7,9 

Output Enable 

*OE 


25 


30 


40 

ns 


RAS pulse width 

l RAS 

100 

10,000 

120 

10,000 

150 

10,000 

ns 


RAS hold time 

l RSH 

50 


60 


75 


ns 


RAS precharge time 

X RP 

80 


90 


100 


ns 


CAS pulse width 

X CAS 

50 

10,000 

60 

10,000 

75 

10,000 

ns 


CAS hold time 

‘CSH 

100 


120 


150 


ns 


CAS precharge time 

tCPN 

25 


25 


30 


ns 

19 

CAS precharge time (PAGE MODE) 

X CP 

30 


30 


35 


ns 


RAS to CAS delay time 

l RCD 

25 

50 

25 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

X CRP 

15 


20 


20 


ns 


Row address setup time 

‘ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

15 

. 

15 


15 


ns 


Column address setup time 

‘ASC 

0 


0 


0 


ns 


Column address hold time 

X CAH 

20 


20 


25 


ns 


Column address hold time 
referenced to RAS 

X AR 

70 


80 


100 


ns 


READ command setup time 

*RCS 

0 


0 


0 


ns 


READ command hold time 

roforonf'aH tn PAC 

X RCH 

0 


0 


0 


ns 

14 

READ command hold time 
referenced to RAS 

l RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

30 

0 

30 

0 

35 

ns 

12 

Output Disable 

'OD 


30 


30 


35 

ns 


WE command setup time 

*WCS 

0 


0 


0 


ns 

16 

WRITE command hold time 

X \NCH 

35 


40 


45 


ns 


WRITE command hold time 
referenced to RAS 

X \NCR 

85 


100 


120 


ns 


WRITE command pulse width 

X \NP 

35 


40 


45 


ns 


WRITE command to RAS lead time 

>RWL 

35 


40 


45 


ns 


WRITE command to CAS lead time 

>CWL 

35 


40 


45 


ns 


Data-in setup time 

•DS 

0 


0 


0 


ns 

15 

Data-in hold time 

'DH 

35 


40 


45 


ns 

15 

Data-in hold time referenced to RAS 

l DHR 

60 


65 


70 


ns 


CAS to WE delay 

'CWD 

70 


90 


110 


ns 

16 

RAS to WE delay 

'RWD 

120 


150 


185 


ns 

16 

Transition time (rise or fall) 

*T 

3 

100 

3 

100 

3 

100 

ns 

5, 17 

Refresh period (256 cycles) 

X REF 


4 


4 


4 

ms 

22 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

20 


25 


30 


ns 

21 

CAS setup time 
(CAS-BEFORE-RAS) refresh 

'CSR 

15 


20 


20 


ns 

21 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 

21 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOjits is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70 °C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

8. Assumes that 4 RCD < *RCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that f RCD > fcCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if 4 RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

14. tRCH is referenced to the first rising edge of RAS or 

CM 


15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and to the WE leading edge in 
late WRITE or READ-MODIFY-WRITE cycles. 

16. tWCS, 4 RWD, l AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY-WRITE cycles only. If HVCS > hVCS (MIN), 
the cycle is an EARLY -WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If f RWD > f RWD (MIN), f AWD > *AWD 
(MIN) and <CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle, (at access time and until CAS or OE 
goes back to Vih) 

17. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V and Vcc = 5V. 

19. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CP. Note 8 applies to determine 
valid data out. 

20. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, (Vih) Q goes open. If OE is 
tied permanently LOW, a READ-MODIFY-WRITE 
operation is not possible. 

21. On-chip refresh and address counters are enabled. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 
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PAGE-MODE EARLY-WRITE CYCLE 



OE 


V|H 


OPEN' 


PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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MT4C4256 


DRAM 256K x 4 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300mil) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (*) 

VG 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4256 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 18 address bits which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS th e latt er 9 bits. A READ or WRITE cycle is selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, data out (Q) is activated and retains the 
selected cell data as long as CAS remains LOW (regardless of 
WE or RAS). This late WE pulse results in a READ- WRITE 
cycle. The four data inputs and four data outputs are routed 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 20-Pin ZIP 

(A-5, B-4) (C-2) 



OE 

DQ3 

Vss 

DQ2 

RAS 

AO 

A2 

Vcc 

A5 

A7 


2 
4 
6 
8 
10 
12 
14 
16 
18 
L2I20 


CAS 

DQ4 

DQ 1 

WE 

NC 

A1 

A3 

A4 

A6 

A8 


20-Pin SOJ 

(E-1) 


1 ■ 26 

2 25 

3 24 

4 23 

5 22 


9 18 

10 17 

11 16 

12 15 

13 14 


‘Consult factory on availability of TSOP packages 


through four pins using common I/O, and pin direction is 
controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in by 
CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E cycl e. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFOR E-RAS , or HID- 
DEN refresh) so that all 512 combinations of RAS addresses 
(A0-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 







Address 


DATA IN / OUT 

Function 


RAS 

CAS 

WE 

*R 

l C 

UE 

DQ1-4 (10) 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

READ-WRITE 

L 

L 

H~*L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

L 

Valid Data Out 

READ 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

L 

Valid Data Out 

FAST-PAGE-MODE 

1 st Cycle 

L 

H— L 

L 

ROW 

COL 

X 

Valid Data In 

EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

X 

Valid Data In 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

X 

High-Z 

HIDDEN 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

v 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 28 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT: (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = 'PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = X RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT: CaS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = <RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

- Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


245 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

95 


100 


115 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable 

{ OE 


20 


20 


25 

ns 


Access time from column address 

l AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


AA 

C.KJ 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

^AS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

tCRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

‘RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

‘RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

__ -8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

>OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 27 

Output Disable 

<OD 


20 


20 


20 

ns 

27 

WE command setup time 

*WCS 

0 


0 


0 


ns 

21 

Write command hold time 

*WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

twp 

15 


15 


20 


ns 


Write command to RAS lead time 

t RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l C\NL 

20 


20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

55 


60 


75 


ns 

. - 


RAS to WE delay time 

l RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

*AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

f CWD 

50 


55 


60 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (51 2 cycles) 

*REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RFC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

*CHR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

20 


20 


20 


ns 

26 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that l RCD 
exceeds the value shown. 

15. Assumes that 4 RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CFN. 

17. Operation within the fc RCD (MAX) limit ensures that 
4 RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
t RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. 4 OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. nvCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If *RWD > *RWD (MIN), f AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 

RE AD-MODIFY- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and TDEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once *OD or K)FF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

28. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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READ CYCLE 



EARLY-WRITE CYCLE 






FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



E| UNDEFINED 





RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A g ; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A 0 - Ag, WE and OE = DON’T CARE) 



‘RP 

‘RAS 

‘RP 

‘RAS 




s. .( 

RAS I j 



1 

j < t RPC > 

| ‘CPN 

‘CSR 

‘CHR , 

‘RPC, 

, ‘CSR 


1 * 




r 


r 


fit » 




O V™ OPEN- 


HIDDEN REFRESH CYCLE 

(WE = HIGH, OE = LOW ) 24 

(READ) (REFRESH) 



[$$ UNDEFINED 


'0 



HIDDEN REFRESH CYCLE 

(WE = LOW) 

(WRITE) (REFRESH) 



fffij UNDEFINED 


01 
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MT4C4258 



DRAM 256K x 4 DRAM 

STATIC COLUMN 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional STATIC COLUMN access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300mil) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (*) 

VG 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4258 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (AO -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. A READ or WRITE cycle is selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRI T E cycl e, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin(s), data out (Q) is activated and retains the 
sele ct ed cel l data as l ong a s CAS remains LOW (regardless of 
WE or RAS). This late WE pulse results in a READ- WRITE 
cycle. The four data inputs and four data outputs are routed 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 20-Pin ZIP 

(A-5, B-4) (C-2) 


qa 


DQ1 
DQ2l} 
WE 
RASd- 
NCU 
AO L 
AlE; 
A2E| 
A3 Eji 
Vcc 


•^20pVss 
1 9 3 DQ4 


dlO 


18]DQ3 
17 JCAS 

16 Joe 

15]A8 
14 ]A7 
\8 13 3A6 

[9 12 ^A5 

11 lA4 


OE 1 
DQ3 3 
Vss 5 
DQ2 7 
RAS 9 
AO 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


20-Pin SOJ 

(E-1) 


2 

CAS 

4 

DQ4 

6 

DQ1 

8 

WE 

10 

NC 

12 

A1 

14 

A3 

16 

A4 

18 

A6 

20 

A8 


1 • 26 

2 25 

3 24 

4 23 

5 22 


9 18 

10 17 

11 16 

12 15 

13 14 


‘Consult factory on availability of TSOP packages 


through four pins using common I/O and pin direction is 
controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC CO LUMN op eration . 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFOR E-RAS , or HID- 
DEN refresh) so that all 512 combinations of RAS addresses 
(A0-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 


MT4C4258 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

TISS 

CAS 

WE 

Address 

UF 

DATA IN / OUT 

'R 

*C 

DQ1-4 (10) 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

READ-WRITE 

L 

L 

H-H. 

ROW 

COL 

L->H 

Valid Data Out, Data In 

STATIC COLUMN 

READ 

1st Cycle 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

2nd Cycle 

L 

L 

H 

n/a 

COL 

L 

Valid Data Out 

STATIC COLUMN 

EARLY-WRITE 

1 st Cycle 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

X 

Valid Data In 

STATIC COLUMN 

READ-WRITE 

1st Cycle 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

X 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-*L 

L 

X 

i 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 28 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

JIA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = X PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = *RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13, 23) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


245 


ns 


STATIC-COLUMN READ or WRITE 
cycle time 

'SC 

40 


45 


55 


ns 


STATIC-COLUMN READ-WRITE 
cycle time 

<SRMC 

100 


110 


135 


ns 


Access time from RAS 

*RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable 

'OE 


20 


20 


25 

ns 


Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

'RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

'RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

«CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

t RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6,7,8,9,10,11,12,1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

. -8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

l OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 27 

Output Disable 

x OD 


20 


20 


20 

ns 

27 

WE command setup time 

>wcs 

0 


0 


0 


ns 

21 

Write command hold time 

<WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

55 


60 


75 


ns 


Write command pulse width 

twP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

f DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

’DHR 

55 


60 


75 


ns 


RAS to WE delay time 

t RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

VWVD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

•CWD 

50 


55 


60 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

l REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

t RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 


15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

x OEH 

20 


20 


20 


ns 

26 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 

24 

Write inactive time 

X \N\ 

10 


10 


10 


ns 


Last WRITE to column address 
delay time 

tWAD 

20 

30 

20 

35 

25 

45 

ns 


Last WRITE to column address 
hold time 

*AHLW 

65 


75 


95 


ns 


RAS hold time referenced to OE 

‘ROH 

10 


10 


10 


ns 


Output data hold time from 
column address 

*AOH 

5 


5 


5 


ns 


Output data enable from WRITE 

*OW 

X AA 


X AA 


X AA 


ns 


Access time from last WRITE 

*ALW 

65 


75 


95 


ns 


Column address hold time 
referenced to RAS HIGH 

X AH 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

•CSC 

•CAS 


•CAS 


•CAS 


ns 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the fc RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (max) is specified as a 
reference point only; if fc RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by fc CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, t RWD, f AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If *RWD > *RWD (MIN), *AWD > ‘AWD 
(MIN) and *CWD > f CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both l OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once l OD or 'OFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

28. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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HIDDEN REFRESH CYCLE 

(WE = HIGH, OE - LOW ) 24 



COLUMN 

/ 

*AA 

*RAC 

^ t CAC 
'CLZ 


HIDDEN REFRESH CYCLE 

(WE = LOW) 
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DRAM 256K x 4 DRAM 

QUAD CAS PARITY, FAST PAGE MODE 


FEATURES 

• Four independent CAS controls offer individual 
manipulation to each of the four data Input/ Output 
ports (DQ1 through DQ4). 

• Offers a single-chip solution to byte-level parity for 36- 
bit words when using 256K x 4 DRAMs for memory. 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints. 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic SOJ (300mil) 

DJ 

• Operating Temperature, Ta 
Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4259 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. Thi s 256K x 4 DRAM is unique in that each CAS (CAS1 
through CAS4) controls its corresponding data I/O port in 
conjunction with OE (eg. CAS1 controls DQ1 I/O port, CAS2 
controls DQ2, CAS3 controls DQ3 and CAS4 controls DQ4). 

The best way to view the Quad CAS function is to imag- 
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS signal functioning in an identical 
manner to the single CAS input on a standard 256K x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE and 
WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (A0-A8) at a time. RAS is used to latch the first 9 bits and 


PIN ASSIGNMENT (Top View) 

24-Pin SOJ (E-5) 


NC = Pin is a 'no connect’. 


RES' C 
Cast c 5 

Z%52 C 


23 ]£SS4 
22 HOE 
21 ] CAS3 


the first CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. 

During a WRITE cycle, data in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LOW, the output 
pin(s) remain open (High-Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output buffer, data out (Q) 
is activated and retains the selected cell data until the 
trailing edge of its corresponding CAS occurs (regardless of 
WE or RAS). This late WE pulse results in a RE AD- WRITE 
cycle (OE switching the device from a READ to a WRITE 
function). The four data inputs and four data outputs are 
routed through four pins using common I/O, with pin 
direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW and strobing-in different column addresses, 
thus executing faster memory cycles. Returning RAS HIGH 
terminates the FAST PAGE MODE operation features. 

Returning RAS and all four CAS controls HIGH termi- 
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. Memory cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONLY, 
CAS-BEFORE-R AS, or HIDDEN REFRESH) so that all 512 
combinations of RAS addresses (A0-A8) are executed at 
least every 8ms, regardless of sequence.The CAS-BEFORE- 
RAS cycle will invoke the refresh counter for automatic and 
sequential row addressing. 


MT4C4259 
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FUNCTIONAL BLOCK DIAGRAM 

QUAD CAS 



(OE will now determine I/O). 


TRUTH TABLE 


Function 

RAS 

CASx 

CASy 

WE 

X5E 

Addresses 

DQx (DQy always High-Z) 

l R 

l c 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

H 

L 

X 

ROW 

COL 

Valid Data In 

READ-WRITE 

L 

L 

H 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Valid Data Out 

PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

H 

L 

X 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

H 

L 

X 

n/a 

COL 

Valid Data In 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H 

H-*L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

2nd Cycle 

L 

H-L 

H 

H-+L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

H 

L 

X 

ROW 

COL 

Valid Data In 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 

CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,39 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

HA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

M-A 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: l RC = l RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS1 -4, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


_ -7 __ 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'HC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

l PC 

40 


45 


55 


ns 

31 

FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

95 


100 


115 


ns 

31 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


25 

ns 

15, 29 

Output Enable 

'OE 


20 


20 


25 

ns 

33 

Access time from column address 

'AA 


35 


40 


50 

ns 


Access time from CAS precharge 

*CPA 


40 


45 


50 

ns 

29 

RAS pulse width 

'HAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 

27 

RAS precharge time 

'HP 

55 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 

34 

CAS hold time 

'CSH 

70 


80 


100 


ns 

28 

CAS precharge time 

'CPN 

10 


10 


15 


ns 

16, 32 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 

32 

RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17, 27 

CAS to RAS precharge time 

'CHP 

5 


5 


5 


ns 

28 

Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'HAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

'RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 

27 

Column address hold time 

>CAH 

15 


15 


20 


ns 

27 

Column address hold time 
(referenced to RAS) 

'AH 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

27 

Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19, 28 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 

29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6,7,8,9,10,11,12,13) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


1 

-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 29, 38 

Output disable 

x OD 


20 


20 


20 

ns 

34, 38 

WE command setup time 

*WCS 

0 


0 


0 


ns 

21,27 

Write command hold time 

*WCH 

15 


15 


20 


ns 

36 

Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

X \NP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


25 


ns 

28 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22, 29 

Data-in hold time 

l DH 

15 


15 


20 


ns 

22, 29 

Data-in hold time 
(referenced to RAS) 

*DHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

*AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


60 


ns 

21, 27 

Transition time (rise or fall) 

X J 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

X REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

X CSR 

10 


10 


10 


ns 

5, 27 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

15 


15 


15 


ns 

5, 28 

Last CAS going LOW to first CAS 
to return HIGH 

'CLCH 

10 


10 


10 


ns 

30 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

20 


20 


20 


ns 

37 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

x ORD 

0 


0 


0 


ns 



NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial IOOjlis pause is required after power-up 


followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CASx = Vih, data output (x) is high impedance. 
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NOTES 

12. If CASx = Vil, data output (x) may contain data from 
the last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that l RCD 
exceeds the value shown. 

15. Assumes that l RCD > tRCD (MAX). 

16. If at least one CAS is LOW at the falling edge of RAS, 
Q will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, all 
four CAS must be pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as a 
reference point only; if tRCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified l RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, l RWD, *AWD and f CWD are restrictive 
operating parameters in EARLY-WRITE and READ- 
WRITE cycles only. If HVCS > tWCS (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
tRWD > tRWD (MIN), f AWD > *AWD (MIN) and 
l CWD > l CWD (MIN), the cycle is a READ- WRITE 
CYCLE and the data output will contain data read 
from the selected cell. If neither of the above condi- 
tions are met, the state of data out are indeterminate. 
OE held HIGH and WE taken L OW after CAS goes 
LOW results in a LATE- WRITE (OE controlled) cycle. 

22. These parameters are referenced to CASx leading 
edge in early WRITE cycles and WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. If OE is tied permanently LOW, READ- WRITE or 
READ-MODIFY-WRITE operations are not possible. 


24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = 

HIGH. 

25. One to three CAS controls may be HIGH throughout 
any given CAS cycle, even though the timing 
waveforms show all CAS going LOW. If any one does 
go LOW, it must meet all the timing requirements 
listed or the data for that I/O buffer may be invalid. 
At least one of the four CAS controls must be LOW 
for a valid CAS cycle to occur. 

26. All other inputs at Vcc -0.2V. 

27. The first CASx edge to transition LOW. 

28. The last CASx edge to transition HIGH. 

29. Output parameter (DQx) is referenced to correspond- 
ing CASx input; DQ1 by CAS1, DQ2 by CAS2 etc. 

30. Last falling CASx edge to first rising CASx edge. 

31. Last rising CASx edge to next cycle's last rising CASx 
edge. 

32. Last rising CASx edge to first falling CASx edge. 

33. First DQx controlled by the first CASx to go LOW. 

34. Last DQx controlled by the last CASx to go HIGH. 

35. Each CASx must meet minimum pulse width. 

36. Last CASx to go LOW. 

37. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both l OD and l OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after l OEH 
is met. If the last CASx goes HIGH prior to OE going 
back LOW, the DQs will remain open. 

38. The DQs open during READ cycles once kDD or kDFF 
occur. If the last CASx goes HIGH first, OE becomes a 
don't care. If OE goes HIGH and CASx stays LOW, 
OE is not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CASx remains LOW). 

39. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or 
a -0.3V signal of any duration is presented (DC). 
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READ CYCLE 



EARLY-WRITE CYCLE 



[jjjjj] UNDEFINED 

I" 7 ] FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 


21 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



Rjjjj UNDEFINED 

| | FIRST TO LAST CAS TO TRANSITION 

(minimum of 1 to maximum of 4) 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 


Viu 

RAS v|" 


CASx vJl 


ADDR vJl 
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CASx I 


ADDR vjj^ Z?y 


CASx vJl - 
n. rt XK?H- 


RAS-ONLY REFR ESH CYCLE 

(ADDR = A q - A 8 ; WE and OE = DON’T CARE) 



t^S-BEFORE-RAS REFRESH CYCLE 

(A q - A 8 , WE and OE = DON’T CARE) 


■ [ tCSR ^ I « tcHR 
tCPN j 1 , _ tCLCH . 


{ RPC m m { CSR m j j ^ { CHR 
i , { CLCH , 


HIDDEN REFRESH CYCLE 

(WE = HIGH. OE = LOW ) 24 


1 tcRP 

tRCD , 


. tRSH . 


*CHR . i 






l CLCH 










, 1! 

*RAL | 


« tCAH r 

► 

[ COLUMN J 



1 1 CLZ 



i 



1 

xm/ 

l OE 


77/A *Jord_ 



j DON’T CARE 
I UNDEFINED 


H FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 





The MT4C4259 (QUAD CAS DRAM) was developed to improving reliability, reducing power consumption and 

eliminate the 256K DRAMs used in the current 256K and lowering cost. The 256K x 36 will have four 256K x 1 DRAMs 

5 12Kx 36 DRAM modules and to add total CMOS per form- replaced by either o ne or t wo QUAD CAS DRAMs, de- 

ance (FAST-P AGE-MODE and faster access speeds: 70ns pending on whether RASO and RAS1 must be separate or 

and80ns).TheMT4C4259isa256Kx4CMOSFAST-PAGE- can be connected together. The 512K x 36 will have eight 

MODE DRAM with four CAS input controls. The four in- 256K x 1 DRAMs replaced by either two or four QUAD CAS 

dividual CAS inputs allow each I/O buffer (DQ) to be DRAMs, depending on whether RASO, RAS1,RAS2, and RAS3 

separately controlled, just as if there were four separate must be split or can be connected together. 

256K x 1 DRAMs. Most 256K x 1 DRAMs use older NMOS The current 256Kx 36 DRAM Module is shown with 256K 

technology and do not have the access speeds of the newer x 1 DRAMs in Figure 1 below. Figures 2 and 3 show how the 

CMOS 1 Meg (256K x 4), nor FAST-P AGE-MODE capabil- same modu le wil l be realized with the QUAD CAS DRAM for 

ity . both the splitRAS (Figure 2) and the common RAS (Figure 3) 

The MT4C4259 will reduce chip count on a x36 module, modules. 


DQO DQ8 DQ9 DQ17 



U1, U2, U4, U5, U7, U8, U10, U11 = MT4C4256DJ 
U3, U6, U9, U12 = MT1259EJ 


Figure 1 

256K x 36 WITH 256K x 1 FOR PARITY BIT 
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QUAD CAS ENHANCED x36 MODULES 



U1, U2, U4, U5, U6, U7, U8, U9 = MT4C4256DJ 
U3, = MT4C4259EJ 


Figure 3 

256K x 36 WITH QUAD ^AS FOR PARITY BIT AND COMMON RA5 CONTROL 
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DRAM 256K x 4 DRAM 

LOW POWER, FAST PAGE MODE 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, lmW standby; 150mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 512-cycle refresh in 64ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• Optional FAST PAGE MODE access cycle 

• Low CMOS STANDBY CURRENT, 200jliA Maximum 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300mil) 

None 

Ceramic DIP (300mil) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic TSOP (*) 

VG 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4260 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. A READ or WRITE cycle is selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, data out (Q) is activated and retains the 
selected cell data as long as CAS remains LOW (regardless of 
WE or RAS). This late WE pulse results in a READ- WRITE 
cycle. The four data inputs and four data outputs are routed 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 20-Pin ZIP 

(A-5, B-4) (C-2) 



OE 

DQ3 

Vss 

DQ2 

RAS 

AO 

A2 

Vcc 

A5 

A7 


IpL 

3 Tn 

5 r -i 

7 r T- 
9 r T- 

r -i 

13 r -L 
15 Tn 
17 r -f_ 1 
19 r -L 


2 

CAS 

4 

DQ4 

6 

DQ1 

8 

WE 

10 

NC 

12 

A1 

14 

A3 

16 

A4 

18 

A6 

20 

A8 


20-Pin SOJ 

(E-1) 


DQ1 

DQ2 

WE 

RAS 

NC 


AO 

A1 

A2 

A3 

Vcc 


Vss 

DQ4 

DQ3 

CAS 


A8 

A7 

A6 

A5 

A4 


CJj 26_: 

[ 2 25 ] 
C 3 24 ] 
[ 4 23 ] 
C 5 22 1 


[9 18 ] 

c io 17 : 
c ii 16 : 
C 12 15 3 
C 13 14 : 


‘Consult factory on availability of TSOP packages 


through four pins using common I/O, and pin direction is 
controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in by 
CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E cycl e. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 64ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh will in- 
crement the refresh counter for automatic RAS addressing. 


MT4C4260 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

RAS 

CAE 

WE 

Address 

©E 

DATA IN / OUT 

l R 

l C 

DQ1-4 (10) 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

EARLY-WRITE 

L 

L 

. 

L 

ROW 

COL 

X 

Valid Data In 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-+L 

H 

ROW 

COL 

L 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

L 

Valid Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

X 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

X 

Valid Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

2nd Cycle 

L 

H— L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

X 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

i 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,28 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

tiA 


OUTPUT LEAKAGE CURRENT: (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

,| 

jiA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VoH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

ha 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: *RC = *RC (MIN)) 

ICC3 

75 

65 

55 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = X PC (MIN)) 

ICC4 

55 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: X RC = *RC (MIN)) 

ICC5 

75 

65 

55 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

75 

65 

60 

mA 

3,5 

BATTERY BACKUP REFRESH CURRENT: 

Average power supply current during battery backup refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) of 

Ips; WE, A0-A9 and D in = Vcc -0.2V or 0.2V (D in may be left 
OPEN), X RC = 125ps (512 rows at 125us = 64ms) 

ICC7 

200 

200 

200 

ra 

3,5,7 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

l RWC 

185 


205 


245 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

l PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

95 


100 


115 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable 

x OE 


20 


20 


25 

ns 


Access time from column address 

X AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


nc 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

*RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

l RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 

I 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

. -8 . 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

! OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 27 

Output Disable 

l OD 


20 


20 


20 

ns 

27 

WE command setup time 

'wcs 

0 


0 


0 


ns 

21 

Write command hold time 

*WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

WCR 

55 


60 


75 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

t RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

•CWL 

20 


20 


25 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

'AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

'CWD 

50 


55 


60 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

l REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

l CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

20 


20 


20 


ns 

26 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

<ORD 

0 


0 


0 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 64ms 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < tRCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > fc RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CFN. 

17. Operation within the fc RCD (MAX) limit ensures that 
*RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by 4 CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
l RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either tRCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, t RWD, f AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and tCWD > f CWD (MIN), the cycle is a 

RE AD-MODIFY- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both l OD and l OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after t OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once *OD or kDFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

28. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 


1-134 



READ CYCLE 



EARLY-WRITE CYCLE 



fijjjjj UNDEFINED 




FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Y7/\ DON’T CARE 
UNDEFINED 






RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A g ; WE = DON’T CARE) 



CAS-BEF0RE-HA5 REFRESH CYCLE 

(Aq - Ag, WE and OE = DON’T CARE) 
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HIDDEN REFRESH CYCLE 

(WE = HIGH, OE = LOW ) 24 
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DRAM 1 MEG x 4 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), and HIDDEN 

• FAST PAGE MODE access cycle 

• 300 and 350 mil wide SOJ packages 

• Two CBR options: CBR with WE a don't care (1 Meg 
compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 


OPTIONS 

MARKING 

• Timing 


60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 


Ceramic DIP (300mil) 

CN 

Ceramic DIP (400mil) 

C 

Plastic ZIP (350mil) 

z 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

Plastic TSOP (*) 

TG 

• CAS-BEFORE-RAS refresh 


CBR with WE a don't care 

None 

CBR with WE a HIGH 

J 

• Operating Temperature, Ta 


Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4001 is a randomly accessed solid-state memory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 


PIN ASSIGNMENT (Top View) 


20-Pin CDIP 

(B-4, B-5) 


DQ1 

DQ2 

_WEP: 

RASq. 

A9 

AOtJ 

A1 

A2dl 
A3 q< 
Vcc 


7 


dio 


20 ] Vss 
1 9 ] DQ4 
18JDQ3 
171CAS 
16 ^OE 
|6 15 3A8 

14]A7 
|8 13lA6 

|9 12HA5 

11 ]A4 


20-Pin ZIP 

(C-3) 


OE 

DQ3 

Vss 

DQ2 

RAS 


A0 11 
A2 13 
Vcc 15 
A5 17 


20-Pin SOJ 

(E-1 , E-2) 


2 CAS 
4 DQ4 
6 DQ1 
8 WE 
10 A9 
12 A1 
14 A3 
16 A4 
18 A6 
U^20 A8 


DQ1 [_1 
DQ2 C 2 
WE C 3 
RAS [ 4 
A9 [ 5 


A0 C 9 
A1 [ 1 
A2 : 1 
A3 C 1 
Vcc C 1 


3_: vss 
5 ] DQ4 
4 ] DQ3 
3 1 CAS 
2 DOE 


18 □ A8 
17 □ A7 


> 1 A6 
i ] A5 
i : A4 


‘Consult factory on availability of TSOP packages 


During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin(s), The Qs are activated and 
retain the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different colum n add resses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS~-BEFORE-RAS, or HID- 
DEN refresh) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

RA5 

CAS 

WE 

. . . 

Aaaress 

<5E 

uAiAiN/OUl 


l C 

DQ1-4 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

L 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

L 

Valid Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

X 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

X 

Valid Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

X 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

WRITE 

L^H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

CaS-before- 

RAS REFRESH 

Standard 

H-L 

L 

X 

X 

X 

X 

High-Z 

“J” Option 

H-L 

L 

H 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V ± 1 0%) 


PAR AM ETER/CO N D ITI 0 N 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

h 

-2 

2 

ha 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

i 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: x RC = l RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


T 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 


165 


185 


205 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

{ PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

90 


95 


100 


ns 


Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

‘CAC 


15 


20 


20 

ns 

15 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


40 


40 


45 

ns 


RAS pulse width 

[ RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

15 


20 


20 


ns 


RAS precharge time 

l RP 

45 


50 


60 


ns 


CAS pulse Width 

■CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

•CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

•rad 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

•asc 

0 


0 


0 


ns 


Column address hold time 

•CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

•ral 

30 


35 


40 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

l wcs 

0 


0 


0 


ns 

21,27 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

l WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

'RWD 

90 


100 


110 


ns 

21 

Column address 
to WE delay time 

*AWD 

60 


65 


70 


ns 

21 

CAS to WE delay time 

X C\ND 

45 


50 


50 


ns 

21 

Transition time (rise or fall) 

n- 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 024 cycles) 

*ref 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


.0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

tCSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

‘CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

*WRH 

10 


10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

'WRP 

10 


10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

tWTH 

10 


10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

l \NJS 

10 


10 


10 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 


Output disable 

*OD 

15 


20 


20 


ns 

27 

Output enable 

l OE 

15 


20 


20 


ns 

23 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

l OEH 

15 


20 


20 


ns 

26 
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NOTES 

1. All voltages referenced to Vss. specified t RAD (MAX) limit, then access time is 

2. This parameter is sampled. Capacitance is calculated controlled exclusively by t AA. 

from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 19. Either *RCH or t RRH must be satisfied for a READ 

3. Icc is dependent on cycle rates. cycle. 

4. Icc is dependent on output loading and cycle rates. 20. ^FF (MAX) defines the time at which the output 

Specified values are obtained with minimum cycle achieves the open circuit condition and is not 

time and the outputs open. referenced to Voh or Vol. 

5. Enables on-chip refresh and address counters. 21. ‘TVCS, *RWD, *AWD and tWD are restrictive 


6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that t RCD 
exceeds the value shown. 

15. Assumes that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the t RCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 


operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If { WCS > { WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If tRWD > tRWD (MIN), f AWD > *AWD 
(MIN) and tCWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. *WTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and *WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once l OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A g ; WE = DON’T CARE) 


l RAS 

i l RP 





^RPC 


tRAH 

1 

\ / 


CaS-before-ras refresh cycle 

(A q - Ag, and OE = DON’T CARE) 


<RP . | | _ { RAS 


l CSR 

l CHR 

| 


tCSR 

l CHR 

V 

L 

WM1L. 



l 


HIDDEN REFRESH CYCLE 

(WE = HIGH; OE = LOW ) 24 


g { AR , 

{ RAD b ^ *RAL 

t t ASR > t tRAH < t ASC > n ^CAK^ 

ROW C0LUMN ] 

^ <AA 

M ! rac 

a { CAC 
JCLZ 



I DON’T CARE 
I UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in- 
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power- 
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in > 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 

The 4 Meg WCBR constraint may also introduce another 
problem. The 1 Meg POWER-UP cycle requires a 1 OOps delay 
followed by any 8 RAS cycles. The 4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONLY or CBR REFRESH ( WE held 
HIGH) cycles must be used. The restriction is needed since 


the 4 Meg may power-up in the JEDEC specified test mode 
and must exit out of the test mode. The only way to exit the 
4 Meg JEDEC test mode is with either a RAS-ONLY or a CBR 
REFRESH cycle. 

SUMMARY 

1 . The optional 1 Meg test pin is the A10 pin on the 4 Meg . 

2. For optional test mode, the 1 Meg requires a valid HIGH 
on the test pin while the 4 Meg requires a CBR cycle with 
WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS-ONLY 
or CBR REFRESH cycles. 

SPECIAL FEATURE 

A memory system currently using 1 Meg DRAMs with WE as 
a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com- 
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power- 
up in the test mode. 
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DRAM 1 MEG x 4 DRAM 

STATIC COLUMN 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225m W active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), and HIDDEN 

• STATIC COLUMN access cycle 

• 300 and 350 mil wide SOJ pa ckag es 

• Two CBR options: CBR with WE a don't care (1 Meg 
compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Ceramic DIP (300mil) 

CN 

Ceramic DIP (400mil) 

C 

Plastic ZIP (350mil) 

z 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

Plastic TSOP (*) 

TG 

• CAS-BEFORE-RAS refresh 

CBR with WE a don't care 

None 

CBR with WE a HIGH 

J 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4003 is a randomly accessed solid-state memory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 


PIN ASSIGNMENT (Top View) 


20-Pin CDIP 

(B-4, B-5) 


20-Pin ZIP 

(C-3) 


20-Pin SOJ 

(E-1 , E-2) 



OE 

DQ3 

Vss 

DQ2 

RAS 

A0 

A2 

Vcc 

A5 

A7 



CAS 

DQ4 

DQ1 

WE 


A9 

A1 

A3 

A4 

A6 

A8 


dqi q 

DQ2 

WE 

RAS 


26 ] Vss 
25 ] DQ4 
24 ] DQ3 
23 ] CAE 
22 ]T5E 


‘Consult factory on availability of TSOP packages 


During a WR ITE cy cle, data in (D) is latche d by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LO W, th e outpu t pin (s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin(s), data out ( Q) is a ctivated and 
retains the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O 
and pin direction is controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column a ddress strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 


MT4C4003 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



•NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

RA5 

EA5 

WE 

Address 

m 

DATA IN / OUT 


X C 

DQ1-4 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

STATIC COLUMN 

READ 

1st Cycle 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

2nd Cycle 

L 

L 

H 

n/a 

COL 

L 

Valid Data Out 

STATIC COLUMN 
EARLY-WRITE 

1st Cycle 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

X 

Valid Data In 

STATIC COLUMN 
READ-WRITE 

1 st Cycle 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

2nd Cycle 

L 

L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

X 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

Cas-before- 

RAS REFRESH 

Standard 

H-L 

L 

X 

X 

X 

X 

High-Z 

“J” Option 

H-L 

L 

H 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

h 

-2 

2 

MA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: 'PC = 'PC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC6 

110 

100 

90 

mA 

3, 5 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

165 


185 


205 


ns 


STATIC-COLUMN 

READ or WRITE cycle time 

'SC 

40 


40 


45 


ns 


STATIC-COLUMN 

READ-WRITE cycle time 

l SRMC 

95 


100 


110 


ns 


Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

' AA 


30 


35 


40 

ns 


Access time from CAS precharqe 

*CPA 


40 


40 


45 

ns 


RAS pulse width 

X RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

t RASC 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

15 


20 


20 


ns 


RAS precharqe time 

'RP 

45 


50 


60 


ns 


CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharqe time 

X CPH 

10 


10 


10 


ns 

16 

CAS precharqe time (STATIC COLUMN) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharqe time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

‘RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

X ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

*RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

*WCS 

0 


0 


0 


ns 

21,27 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

'WCR 

45 


55 


60 


ns 


Write command pulse width 

'WP 

10 


15 


15 


ns 


Write command to RAS lead time 

'RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

*RWD 

90 


100 


110 


ns 

21 

Column address 
to WE delay time 

*AWD 

60 


65 


70 


ns 

21 

CAS to WE delay time 

! cwd 

45 


50 


50 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

*REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

X CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

*WRH 

10 


10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

l WRP 

10 


10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

X \NTH 

10 


10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

X \NTS 

10 


10 


10 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

'ORD 

0 


0 


0 


ns 


Output disable 

x OD 

15 


20 


20 


ns 

27 

Output enable 

x OE 

15 


20 


20 


ns 

23 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

15 


20 


20 


ns 

26 

Write inactive time 

X \N\ 

10 


10 


10 


ns 


Last WRITE to column address 
delay time 

t LWAD 

15 

25 

20 

30 

20 

35 

ns 


Last WRITE to column address 
hold time 

'AHLW 

55 


65 


75 


ns 


RAS hold time referenced to OE 

>ROH 

10 


10 


10 


ns 


Output data hold time from 
column address 

x AOH 

5 


5 


5 


ns 


Output data enable from WRITE 

tow 

20 


20 


20 


ns 


Access time from last WRITE 

•alw 

55 


65 


75 


ns 


Column address hold time 
referenced to RAS HIGH 

•ah 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

•CSC 

'CAS 


•CAS 


'CAS 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vtt . data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < 5RCD (MAX). If l RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that fc RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
l RAC (MAX) can be met. 4 RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by 'CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 


specified 4 RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either 5RCH or fc RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, l RWD, f AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If l WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. HVTS and hVTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of l WRP and *WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after t OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS Controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE Controlled) 



[/)/j DON'T CARE 
UNDEFINED 
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CAS-BEFORE-RAS REFRESH CYCLE 

(A 0 - Ag, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 

(WE = HIGH; OE = LOW ) 24 


(READ) (REFRESH) 



KSjjl UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in- 
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power- 
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CB R RE FRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in > 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 

The 4 Meg WCBR constraint may also introduce another 
problem. The 1 Meg POWER-UP cycle requires a 1 OOps delay 
followed by any 8 RAS cycles. The 4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONLY or CBR REFRESH ( WE held 
HIGH) cycles must be used. The restriction is needed since 


the 4 Meg may power-up in the JEDEC specified test mode 
and must exit out of the test mode. The only way to exit the 
4 Meg JEDEC test mode is with either a RAS-ONLY or a 
WCBR REFRESH cycle. 

SUMMARY 

1 . The optional 1 Meg test pin is the A10 pin on the 4 Meg . 

2. For optional test mode, the 1 Meg requires a valid 
HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCB R), 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 

A memory system currently using 1 Meg DRAMs with WE as 
a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com- 
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power- 
up in the test mode. 



HSSi{ ^ DON'T CARE 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 1 MEG x 4 DRAM 

QUAD CAS PARITY, FAST PAGE MODE 


FEATURES 

• Four independent CAS controls, allowing individual 
manipulation to each of the four data Input /Output 
ports (DQ1 through DQ4). 

• Offers a single chip solution to byte level parity for 36- 
bit words when using 1 Meg x 4 DRAMs for memory 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh in 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 

HIDD EN _ 

• CAS-BEFORE-RAS cycles with WE as a don't care 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 


GENERAL DESCRIPTION 

The MT4C4004 is a randomly accessed solid-state mem- 
ory containing 4,194,304 bits organized in a x4 configura- 
tion. This 1 Meg x 4 DRAM is unique in that each CAS (CAS1 
through CAS4) controls its corresponding data I/O port in 
conjunction w ith OE (eg. CAS1 control s DQ1 I /O port, CAS2 
controls DQ2, CAS3 controls DQ3 and C AS4 controls DQ4) . 

The best way to view the Quad CAS function is to imag- 
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS signal functioning in an identical 
manner to the single CAS input on a standard 1 Meg x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE and 
WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits. 


PIN ASSIGNMENT (Top View) 

24-Pin SOJ (E-5, E-6) 


NC = Pin is a 'no connect' 


DQ1 [ 
DQ2 d! 
WE C 3 
Ra5 C 
cast : s 
csss [ e 


: DQ4 
1 DQ3 
hCA34 
2 P5§_ 

□ CAS3 


15 b A5 
14 U A4 


and the first CAS the latter 10 bits. A READ or WRITE cycle 
is selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 

During a WRITE cycle, data-in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LOW, the output 
pin(s) remain open (High-Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output buffer, data out (Q) 
is activated and retains the selected cell data until the 
trailing edge of its corresponding CAS occurs (regardless of 
WE or RAS). This late WE pulse results in a RE AD- WRITE 
cycle (OE switching the device from a READ to a WRITE 
function). The four data inputs and four data outputs are 
routed through four pins using common I/O, with pin 
direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW and strobing-in different column addresses, 
thus executing faster memory cycles. Returning RAS HIGH 
terminates the FAST PAGE M ODE o peration. 

Returning RAS and all four CAS controls HIGH termi- 
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. Memory cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONLY, 
CAS-BEFORE-R AS or HIDDEN refresh) so that all 1024 
combinations of RAS addresses (A0-A9) are executed at 
least every 16ms, regardless of sequence. The CAS-BEFORE- 
RAS cycle will invoke the refresh counter for automatic and 
sequential row addressing. 


MT4C4004 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 

QUAD CAS 



Firs t CAS LOW while WE HIGH, EW detection CKT output is a 0, 
(OE will now determine I/O). 


TRUTH TABLE 


Function 

EA5 

CASx 

CASy 

WE 

l 5E 

Addresses 

DQx (DQy always High-Z) 

l R 

l c 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

H 

L 

X 

ROW 

COL 

Valid Data In 

READ-WRITE 

L 

L 

H 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Valid Data Out 

PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

H 

L 

X 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

H 

L 

X 

n/a 

COL 

Valid Data In 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

2nd Cycle 

L 

H-L 

H 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

H 

L 

X 

ROW 

COL 

Valid Data In 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 

CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

M-A 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC= *RC (MIN)) 

ICC3 

100 

90 

80 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: t PC= l PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: l RC= *RC (MIN)) 

ICC5 

100 

90 

80 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC= ‘RC (MIN)) 

ICC6 

100 

90 

80 

! 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS1 -4, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

l RWC 

185 


205 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

*PC 

40 


45 


55 


ns 

31 

FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

95 


100 


115 


ns 

31 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15, 29 

Output Enable 

x OE 


20 


20 


25 

ns 

33 

Access time from column address 

X AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 

29 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


20 


25 


ns 

27 

RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 

34 

CAS hold time 

'CSH 

70 


80 


100 


ns 

28 

CAS precharge time 

'CPN 

10 


10 


15 


ns 

16, 32 

CAS precharge time (FAST PAGE MODE) 

>CP 

10 


10 


10 


ns 

32 

RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17, 27 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 

28 

Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

t RAFt 

10 


10 


15 


ns 


RAS to column 
address delay time 

X RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 

27 

Column address hold time 

<CAH 

15 


15 


20 


ns 

27 

Column address hold time 
(referenced to RAS) 

X AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

*RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

27 

Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19, 28 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 

29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6,7,8,9,10,11,12,13) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 29, 38 

Output disable 

^D 


20 


20 


20 

ns 

34, 38 

WE command setup time 

*wcs 

0 


0 


0 


ns 

21,27 

Write command hold time 

tWCH 

15 


15 


20 


ns 

36 

Write command hold time 
(referenced to RAS) 

l WCR 

55 


60 


75 


ns 


Write command pulse width 

tWP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

•CWL 

20 


20 


25 


ns 

28 

Data-in setup time 

t>s 

0 


0 


0 


ns 

22, 29 

Data-in hold time 

•DH 

15 


15 


20 


ns 

22, 29 

Data-in hold time 
(referenced to RAS) 

*DHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

l AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


60 


ns 

21, 27 

Transition time (rise or fall) 

n- 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (51 2 cycles) 

*REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

5, 27 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

•CHR 

15 


15 


15 


ns 

5, 28 

Last CAS going LOW to first CAS 
to return HIGH 

X CLCH 

10 


10 


10 


ns 

30 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

toEH 

20 


20 


20 


ns 

37 

OE setup prior to RAS during 

HIDDEN refresh cycle 

•ORD 

0 


0 


0 


ns 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated from 
the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle time 
and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate cycle 
time at which proper operation over the full temperature 
range is assured. 

7. An initial lOOps pause is required after power-up followed 
by eight RAS refresh cycles ( RAS-ONLY or CBR) before 
proper device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times are 
measured between Vih and Vil (or between Vil and Vih). 

10. In addition to meeting the transition rate specification, all 
input signals must transit between Vih and Vil (or between 
Vil and Vih) in a monotonic manner. 

11. IfCASx = Vih, data output (Qx) is high impedance. 

12. If CASx = Vil, Qx may contain data from the last valid 
READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and lOOpF. 

14. Assumes that fcCD < *RCD (MAX). If *RCD is greater than 
the maximum recommended value shown in this table, 
t RAC will increase by the amount that *RCD exceeds the 
value shown. 

15. Assumes that TlCD > *RCD (MAX). 

16. If at least one CAS is LOW at the falling edge of RAS, Q will 
be maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, all four CAS controls must be 
pulsed HIGH for tPN. 

17. Operation within the l RCD (MAX) limit ensures that *RAC 
(MAX) can be met. l RCD (MAX) is specified as a reference 
point only; if tRCD is greater than the specified *RCD 
(MAX) limit, then access time is controlled exclusively by 
l CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
tRCD (MAX) can be met. *RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the specified 
t RAD (max) limit, then access time is controlled 
exclusively by t AA. 

19. Either tRCH or *RRH must be satisfied for a READ cycle. 

20. *OFF (MAX) defines the time at which the output achieves 
the open circuit condition and is not referenced to Voh or 
VOL. 


21. tWCS, tRWD, *AWD and l CWD are restrictive operating 
parameters in EARLY -WRITE and READ-WRITE cycles 
only. If HVCS > HVCS (min), the cycle is an EARLY -WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle. If 'RWD > tRWD (MIN), 

AWD > l AWD (MIN) and t CWD > l CWD (MIN), the cycle 
is a READ-WRITE cycle, and the data output will contain 
data read from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE- WRITE (OE controlled) 
cycle, (at access time and until CAS or OE goes back 
to Vih) 

22. These parameters are referenced to CASx leading edge in 
early WRITE cycles and WE leading edge in iate WRITE or 
READ-WRITE cycles. 

23. If OE is tied permanently LOW, READ-WRITE or READ- 
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = HIGH. 

25.0netothreeCAScontrolsmaybeHIGHthroughoutanygiven 
CAS cycle, even though the timing waveforms show all 
CAS controls going LOW. If any one does go LOW, it must 
meet all the timing requirements listed or the data for that 
1/ O buffer may be invalid. At least one of the four CAS con- 
trols must be LOW for a valid CAS cycle to occur. 

26. All other inputs at Vcc -0.2V. 

27. The first CASx edge to transition LOW. 

28. The last CASx edge to transition HIGH. 

29. Output parameter (DQx) is referenced to correspond- 
ing CASx input; DQ1 by CAS1, DQ2 by CAS2, etc. 

30. Last falling CASx edge to first rising CASx edge. 

31 . Last rising CASx edge to next cycle's last rising CASx edge. 

32. Last rising CASx edge to first falling CASx edge. 

33. First DQx controlled by the first CASx to go LOW. 

34. Last DQx controlled by the last CASx to go HIGH. 

35. Each CASx must meet minimum pulse width. 

36. Last CASx to go LOW. 

37. LATE-WRITE and READ-MODIFY-WRITE cycles must 
have both l OD and l OEH met (OE HIGH during WRITE 
cycle) in order to ensure that the output buffers will be 
open during the WRITE cycle. The DQs will provide the 
previously read data if CAS remains LOW and OE is taken 
back LOW after *OEH is met. If the last CASx goes HIGH 
prior to OE going back LOW, the DQs will remain open. 

38. The DQs open during READ cycles once l OD or *OFF 
occur. If the last CASx goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CASx stays LOW, OE is not a 
don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CASx 
remains LOW). 
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READ CYCLE 



EARLY-WRITE CYCLE 


tcR p 

*RCD 

1 « tRSH 

1 'CAS 



1 t l CLCH I 

-Jf 

l AR 

m 

'■ 

t 


1 . *RAD . , . II 1 

I *RAL 

1 

i _ l ASR 

l RAH | l ASC 

I III *CAH 1 






U 



I 1 *CWL 

1 1 tR WL 

I | *WCR 


I I tDHR 

J L *DH 



I DON’T CARE 
I UNDEFINED 


| | FIRST TO LAST CAS TO TRANSITION 

(minimum of 1, maximum of 4) 





READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



[jjjjjj] UNDEFINED 


| | FIRST TO LAST CAS TO TRANSITION 

(minimum of 1 , maximum of 4) 







FAST PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Y7A DON ’ T CARE 

UNDEFINED 

I I FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 






RAS-ONLYREFRESH CYCLE 

(ADDR = A q - A 8 ; WE and OE = DON’T CARE) 



CAg-BEFORE-RAS REFRESH CYCLE 

(A q - Ag, WE and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 

(WE = HIGH, OE = LOW ) 24 

(READ) (REFRESH) 



M UNDEFINED 

El FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 



QUAD CAS MODULE UPGRADE 

The MT4C4004 (Quad CAS DRAM) was developed to lowering cost. The 1 Meg x 36 will have four 1 Meg x 1 

supersede the 1 Meg DRAMs used in the current 1 Meg and DRAMs replaced by either one or two Quad CAS DRAMs, 

2 Meg x 36 DRAM modules and to add leading-edge CMOS depending on whether RASO and RAS1 must be separate or 

performance. The MT4C4004 is a 1 Meg x 4 CMOS FAST- can be connected together. The 2 Meg x 36 will have eight 

PAGE-MO DE DR AM with four CAS input controls. The four 1 Meg x 1 DRAMs replaced by either two or four Quad CAS 

individual CAS inputs allow each I/O buffer (DQ) to be DRAMs, depending on whether RAS0,RAS1,RAS2, and RAS3 

separately controlled, just as if there were four separate must be split or can be connected together. 

1 Meg x 1 DRAMs. Most 1 Meg x 1 DRAMs use older CMOS The current 1 Meg x 36 DRAM Module is shown with 

technology and do not have the access speeds of the newer 256K x 1 DRAMs in Figure 1 below. Figures 2 and 3 show 

CMOS 4 Meg (1 Meg x 4). how the same module will be realized with the Quad CAS 

The MT4C4004 will reduce chip count on a x36 module; DRAM for both the split RAS (Figure 2) and the common 

improving reliability, reducing power consumption and RAS (Figure 3) modules. 


DQO DQ8 DQ9 DQ17 



U1, U2, U4, U5, U7, U8, U10, U11 = MT4C4256DJ 
U3, U6, U9, U12 = MT1259EJ 


Figure 1 

1 MEG x 36 WITH 1 MEG x 1 FOR PARITY BIT 
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U1 , U2, U4, U5, U6, U7, U8, U9 = MT4C4256DJ 
U3 = MT4C4259EJ 


Figure 2 

1 MEG x 36 WITH QUAD CAS FOR PARITY BIT AND SPLIT S£5 CONTROL 
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DRAM 1 MEG x 4 DRAM 

FAST PAGE MODE, WRITE-PER-BIT 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225m W active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• 1024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, OS-BEFORE-RAS (CBR), 
and HIDDEN 

• WRITE-PER-BIT access cycle (nonpersistent) 

• 300 and 350 mil wide SOJ packages 

• Two CBR options: CBR with WE a don't care (1 Meg 
compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Ceramic DIP (400mil) 

C 

Plastic ZIP (350mil) 

Z 

Plastic SOJ (300mil) 

DJ 

Plastic SOJ (350mil) 

DJW 

Plastic TSOP (*) 

TG 

• CAS-BEFORE-RAS refresh 

CBR with WE a don't care 

None 

CBR with WE a HIGH 

J 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 


GENERAL DESCRIPTION 

The MT4C4005 is a randomly accessed solid-state memory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles each bit is uniquely ad- 
dressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 


PIN ASSIGNMENT (Top View) 


20-Pin CDIP 20-Pin ZIP 

(B-5) (C-3) 


20-Pin SOJ 

(E-1 , E-2) 



OE 

DQ3 

Vss 

DQ2 

RAS 

A0 

A2 

Vcc 

A5 

A7 


CAS 

DQ4 

DQ 1 

WE 

A9 

A1 

A3 

A4 

A6 

A8 



‘Consult factory on availability of TSOP packages 


edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin(s), data out (Q) is activated and 
retains the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. The WRITE- 
PER-BIT feature allows the user to define WRITE MASK 
during a WRITE cycle when RAS goes LOW, depending on 
the state of WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E oper ation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RA S, or 
HIDDEN refresh) so that all 1024 combinations of RAS 
addresses (A0 -A9) are executed at least every 16ms, regard- 
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 


MT4C4005 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



*NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 


TRUTH TABLE 


Function 

RAg 

UAg 

WE 

Addresses 

m 

DATA IN / OUT 


‘R 

l C 

DQ1-4 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

ROW 

COL 

L 

Valid Data Out 


EARLY-WRITE 

L 

L 

L 

ROW 

COL 

X 

Valid Data In 

1 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

1 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

L 

Valid Data Out 


2nd Cycle 

L 

H-L 

H 

n/a 

COL 

L 

Valid Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

X 

Valid Data In 

1 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

X 

Valid Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

ROW 

COL 

L-H 

Valid Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

L-H 

Valid Data Out, Data In 

1 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

X 

High-Z 


HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

L 

Valid Data Out 


WRITE 

L-H-L 

L 

L 

ROW 

COL 

X 

Valid Data In 

1 

CAg-BEFORE- 
RAg REFRESH 

Standard 

H-L 

L 

X 

X 

X 

X 

High-Z 


“J” Option 

H-L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data-in will be dependent on the mask provided. Refer to Figure 1 . 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55° C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 
any input (0V < Vin < 6.5V, 
all other pins not under test = 0V) 

ll 

-2 

2 

HA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = X RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3,5 
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MASKED WRITE ACCESS CYCLE 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1 -DQ4 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic " 0 ") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 


" 1 ") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ4 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

For nonpersistent MASK WRITES, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 ill ustrate s theM T4C4005 MASKED WRITE op- 
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 


RAS 


CAS 


WEL 


MASKED WRITE 

\ 




NON-MASKED WRITE 


\ 




DQ1-DQ4 


STORED MASK 
DATA DATA 

J_ 

1 _ 

1 _ 

1 


INPUT 


ADDRESS 0 


STORED 

DATA 


0 X 

1 



1 

1 0 > 

0 



0 

0 X 

1 



1 

1 0 > 

0 



0 


X = NOT EFFECTIVE (DON’T CARE) 


STORED 

DATA 


MASK 

DATA 

X 

X 

X 

X 


INPUT 

DATA 

1 > 

-1 > 

-I > 

1 > 


ADDRESS 1 


STORED 
DATA 
1 _ 

1 _ 

1 _ 

1 


DON’T CARE 


Figure 1 

MT4C4005 MASKED WRITE EXAMPLE 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 0 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

toC 

110 


130 


150 


ns 


READ-WRITE cycle time 

toWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

X PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

tpRWC 

90 


95 


100 


ns 


Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

•CPA 


40 


40 


45 

ns 


RAS pulse width 

X RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

to ASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

toSH 

15 


20 


20 


ns 


RAS precharge time 

top 

45 


50 


60 


ns 


CAS pulse width 

X CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

’CSH 

60 


70 


80 


ns 


CAS precharge time 

•CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

top 

10 


10 


10 


ns 


RAS to CAS delay time 

•RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

•CRP 

5 


5 


5 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

toAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

•CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

•ral 

30 


35 


40 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

•rch 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

toRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

’CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

X \NCS 

0 


0 


0 


ns 

21,27 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.0V + 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

' WCR 

45 


55 


60 


ns 


Write command pulse width 

l WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*rwl 

15 


20 


20 


ns 


Write command to CAS lead time 

! CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

tDH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

t RWD 

90 


100 


110 


ns 

21 

Column address 
to WE delay time 

*AWD 

60 


65 


70 


ns 

21 

CAS to WE delay time 

•CWD 

45 


50 


50 


ns 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

'REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

1 WTH 

10 


10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

*WTS 

10 


10 


10 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 


Output disable 

*OD 

15 


20 


20 


ns 

27 

Output enable 

'OE 

15 


20 


20 


ns 

23 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

15 


20 


20 


ns 

26 

WRITE-PER-BIT setup time 

'WBS 

0 


0 


0 


ns 


WRITE-PER-BIT hold time 

<WBH 

10 


10 


10 


ns 


WRITE-PER-BIT mask setup time 

*WDS 

0 


0 


0 


ns 


WRITE-PER-BIT mask hold time 

'WDH 

10 


10 


10 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that t RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, l RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that t RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the f RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by ‘CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 


specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or f RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, tRWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY- WRITE cycles only. If HVCS > tWCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If f RWD > *RWD (MIN), *AWD > ‘AWD 
(MIN) and tWD > f CWD (MIN), the cycle is a 

RE AD-MODIFY- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. HVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and *WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after YDEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once *OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A g ; WE = DON’T CARE) 


i l RAS i 

i ‘rp 



1 




^55-BEFORE-RAS REFRESH CYCLE 

(A 0 - Ag, and OE = DON’T CARE) 


l RP I I l RAS 


« tcsR > 

t ° HR 


l RPC 

. tcsp 

i cHR 


A 

'mm 

3 


l 


HIDDEN REFRESH CYCLE 

(WE = HIGH;OE = LOW ) 24 


B { ASR t | < tRAH fc 
ROW 


^ <RAL | 

^ASC ^ < t CAH > 

COLUMN 

*AA 

{ RAC 

^CAC 

JCLZ 


I DON’T CARE 
I UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in- 
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power- 
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in > 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 

The 4 Meg WCBR constraint may also introduce another 
problem. The 1 Meg POWER-UP cycle requires a lOOjis delay 
followed by any 8 RAS cycles. The 4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONLY or CBR REFRESH ( WE held 
HIGH) cycles must be used. The restriction is needed since 
the 4 Meg may power-up in the JEDEC specified test mode 


and must exit out of the test mode. The on ly wa y to exit the 
4 Meg JEDEC test mode is with either a RAS-ONLY or a 
WCBR REFRESH cycle. 

SUMMARY 

1 . The optional 1 Meg test pin is the A10 pin on the 4 Meg 
(xl only). 

2. For optional test mode, the 1 Meg requires a valid HIGH 
on th e test pin while the 4 Meg requires a CBR cycle with 

We low. 

3. The 1 Meg CBR REFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 

A memory system currently using 1 MegDRAMs withWEas 
a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com- 
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power- 
up in the test mode. 





COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 4 MEG x 4 DRAM 

FAST PAGE MODE: MT4C40004 
STATIC COLUMN: MT4C40005 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High performance, CMOS silicon gate process 

• Single power supply : +5V±10% or +3.3V±10% 

• Low power, 5mW standby; 250mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Refresh modes: RAS-ONLY, CAS~-BEFORE-RAS 
(CBR), and HIDDEN 

• 2048-cycle refresh distributed across 32ms or 
4096-cycle refresh distributed across 64ms 


OPTIONS 

MARKING 

• Timing 

50ns access 

-5 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Plastic ZIP (475mil) 

Z 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (*) 

TG 

• Refresh Period 

2048 cycles @ 32ms 

R 

4096 cycles @ 64ms 

None 

• Operating Temperature, Ta 

Commercial (0°C to +70°C) 

None 

Industrial (-40°C to +85°C) 

IT 

• Power Supply 

+5V±10% 

None 

+3.3V±10% 

V 


GENERAL DESCRIPTION 

The MT4C40004/5 are randomly accessed solid-state 
memories containing 16,777,216 bits organized in a x4 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which are 
entered 10-12 bits (AO -All) at a time. RAS is used to latch 
the first 11/12 bits and CAS the la tter 10/11 bits. A READ 
or WRITE cycle is selected with the WE input. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. If WE goes LOW prior to CAS going LOW, the output 


PIN ASSIGNMENT (Top View) 


24-Pin SOJ 

(E-7) 



24-Pin ZIP 


A9 

1 

CAS 

3 

DQ4 

5 

Vcc 

7 

DQ2 

9 

RAS 

11 

A10 

13 

A1 

15 

A3 

17 

Vss 

19 

A5 

21 

A7 

22 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 


OE 

DQ3 

Vss 

DQ1 

WE 

A11/NC 

AO 

A2 

Vcc 

A4 

A6 

A8 


‘Consult factory on availably of TSOP packages 


pins remain open (High- Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output pins, data out (Q), 
is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO - A1 0/11) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-inby RAS followed by a column ad dress s trobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 2048/4096 combinations of RAS 
addresses (A0 -A10/ A1 1) are executed at least every 32ms/ 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

The MT4C40004/5 are available with either 2048 cycles or 
4096 cycles of refreshing. If CBR refresh is used, the number 
of cycles is a "don't care." 


MT4C40004/5 
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DRAM 512Kx8DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 10 row addresses, nine column 
addresses 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 350mW active, typical 

• All device pins are fully TTL and CMOS compatible 

• 1024-cycle refresh in 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C8513 only) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Masked Write 

Not available 

MT4C8512 

Available 

MT4C8513 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (*) 

TG 


GENERAL DESCRIPTION 

The MT4C8512/3 are randomly accessed solid-state 
memories containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
add ress is entered by RAS latching the first 10 bits (A0-A9) 
and CAS latching the latter 9 bits (A0-A8). 

TheMT4C8513hasNONPERSISTENT MASKED WRITE 
allowing it to perform WRITE-PER-BIT accesses. 


PIN ASSIGNMENT (Top View) 

28-Pin SOJ 

(E-9) 


Vcc 

DQ1 

DQ2 

DQ3 

DQ4 

NC 

WE 

RAS 

A9 

AO 

A1 

A2 

A3 

Vcc 


Vss 

DQ8 

DQ7 

DQ6 

DQ5 

CAS 

OE 

NC 

A8 

A7 

A6 

A5 

A4 

Vss 


1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


NC = No Connect 

*Consult factory for availibilty of TSOP packages 
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PIN DESCRIPTIONS 


SOJ PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row-address 
bits and as a strobe for the WE and DQs in the MASKED WRITE 
mode (MT4C8513 only). 

23 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 9-column 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

7 

We 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) or 
WRITE (WE = LOW) cycle. WE also serves as a Mask Enable 
(WE = LOW) at the falling edge of RAS in a MASKED-WRITE 
cycle (MT4C8513). 

22 

OE 

Input 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 
WE must be HIGH before OE will control the output buffers. 
Otherwise the output buffers are in a high-impedance state. 

10-13, 16-20,9 

AO to A9 

Input 

Address Inputs: These inputs are multiplexed and clocked by 

RAS and CAS to select one byte out of the 51 2K available words. 

2-5, 24-27 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or high-impedance and/or 

Output masked data input (for MASKED WRITE cycle only). 

6 

NC 

- 

No Connect: These pins should be either left unconnected or tied 
to ground. 

1, 14 

Vcc 

Supply 

Power Supply: +5V ± 10% 

15, 28 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 19 address 
bits during READ or WRITE cycles. RAS is used to latch the 
first te n bits (A0-A9) and CAS the latter nine bits ( A0-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW , the ou tput p in(s) remain op en (H igh- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common I/O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 


RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1 -DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the inp ut por t and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illu strate s theMT4C8513 MASKED WRITE op- 
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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X = NOT EFFECTIVE (DON'T CARE) ^ DON'T CARE 


Figure 1 

MT4C8513 MASKED WRITE EXAMPLE 
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TRUTH TABLE 








Addresses 



Function 


RA5 

CAS 

WE 

UE 

X R 

l c 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

FAST-PAGE- 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Valid Data Out 


MODE READ 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Valid Data Out 


FAST-PAGE- 

1 st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Valid Data In 

1 

MODE WRITE 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Valid Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H->L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-*L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 


1 . Data In will be dependent on the mask provided (MT4C8513 only). Refer to Figure 1 . 

2. EARLY WRITE only. 


1-198 




ADVANCE 


MICRON 

H TECHNOLOGY, INC. 


MT4C8512/3 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

any input (0V < Vin < Vcc, 

all other pins not under test = 0V) 

ll 

-2 

2 

tiA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

V A 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: t RC = X RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: t RC = *RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C; Vcc = 5.0V ±10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

*RWC 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

l PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

95 


100 


110 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

•CAC 


20 


20 


25 

ns 

15 

Output Enable time 

x OE 


20 


20 


25 

ns 


Access time from column address 

X AA 


35 


40 


45 

ns 


Access time from CAS precharge 

X CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


nc 


RAS precharge time 

l RP 

50 


55 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

25 

65 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

l RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


o 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

t RAL 

35 

1 

40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19,26 

Read command hold time 
(referenced to RAS) 

*RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 



1-200 






ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT4Q8512/3 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

’OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29 

Output disable time 

x OD 


10 


12 


20 

ns 

29 

Write command setup time 

<wcs 

0 


0 


0 


ns 

21, 26 

Write command hold time 

WCH 

15 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

*WCR 

50 


55 


65 


ns 

26 

Write command pulse width 

twp 

10 


10 


15 


ns 

26 

Write command to RAS lead time 

>RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

’CWL 

20 


20 


20 


ns 

26 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

>DHR 

50 


55 


65 


ns 


RAS to WE delay time 

’RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

f AWD 

60 


65 


80 


ns 

21 

CAS to WE delay time 

’CWD 

45 


45 


60 


ns 

21 

Transition time (rise or fall) 

* T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

*REF 


16 


16 


16 

ms 

28 

RAS to CAS precharge time 

’RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

*CHR 

10 


10 


10 


ns 

5 

MASKED WRITE command to RAS 
setup time 

’WRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to RAS 
hold time 

’WRH 

10 


10 


15 


ns 

26, 27 

Mask data to RAS setup time 

’MS 

0 


0 


0 


ns 

26, 27 

Mask data to RAS hold time 

WlH 

10 


10 


15 


ns 

26, 27 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

10 


10 


20 


ns 

28 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

kDRD 

0 


0 


0 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V; Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the 16ms refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, *RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by ^CAC. 

18. Operation within the *RAD limit ensures that l RCD 
(MAX) can be met. *RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. *WCS, l RWD, *AWD and tWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIFY -WRITE cycles only. If *WCS > l WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If l RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > tWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE — LOW and OE- 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C8513 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after l OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 



EARLY-WRITE CYCLE 




jjjjjj] UNDEFINED 


1 . Applies to MT4C851 3 only; WE and DQ inputs on MT4 C851 2 are don’t care at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a normal 
WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C8513 only; WE and DQ inputs on MT4C8512 are don’t care at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don’t care for a normal 
WR ITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



yjX DON’T CARE 
UNDEFINED 


1 . Applies to MT4C851 3 only; WE and DQ inputs on MT4 C851 2 are don’t care at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a normal 
WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 







RAS-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 



CAg-BEFORE-RAg REFRESH CYCLE 

(A 0 - A 8 ; WE and OE = DON’T CARE) 



XlOH“ — 
v IOL~ 


OPEN- 


HIDDEN REFRESH CYCLE 

( WE = HIGH; OE = LOW ) 24 

(READ) (REFRESH) 



ffi] UNDEFINED 
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MT4C1 664/5 


DRAM 64K x 16 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225m W active, typical 

• All device pins are fully TTL and CMOS compatible 

• 256-cycle refresh in 4ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• 2 TTL Load output drive capability 

• BYTE WRITE access cycle (MT4C1664 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1665 only) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1664 

Word only 

MT4C1665 

• Mask Enable 

Not Available 

MT4C1664 

Always Available 

MT4C1665 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic ZIP (450mil) 

Z 


GENERAL DESCRIPTION 

The MT4C1664/5 are randomly accessed solid-state 
memories containing 1,048,576 bits organized in a xl6 
configuration. The MT4C1664 has both BYTE and WORD 
WRITE access cycles while the MT4C1665 has only WORD 
WRITE access cycles. 

The MT4C1664 functions in a similar manner to the 
MT4C1665 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or WEH 
will generate an internal WE through an AND gate (In- 
verted NOR gate). 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(E-12) 


40-Pin Zip 

(C-6) 


Vcc 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 
DQ8 
NC 
Vcc 
*NC/WEH 
* WE/ WEL 
RAS 
AO 
A1 
A2 
A3 
A4 
Vcc 


6 1 • 

40 ] 

[ 2 

39 1 

C 3 

38 : 

L 4 

37 ] 

C 5 

36 : 

[ 6 

35 : 

[ 7 

34 n 

[ 8 

33 : 

C 9 

32 : 

[ 10 

31 : 

i 11 

30 u 

n 12 

29 n 

[ 13 

28 H 

C 14 

27 H 

n is 

26 ^ 

C 16 

25 ^ 

C 17 

24 ^ 

C 18 

23 ^ 

C 19 

22 1 

4 20 

21 P 


Vss 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

DQ1 1 

DQ10 

DQ9 

NC 

Vss 

CAS 

OE 

**NC 

NC 

NC 

A7 

A6 

A5 

Vss 


NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ415 
DQ617 
DQ819 
Vcc 21 
*WE/WEL 23 
AO 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
**NC 37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14 DQ3 
16DQ5 
18DQ7 
20 NC 

22 *NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 OE 
40 Vss 


* MT4C1 665/MT4C1 664 
** NC = No Connect 


The MT4C1 664 " WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH ) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1665hasNONPERSISTENT MASKED WRITE 
cycles. 


MT4C 1664/5 
REV. 1/91 
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MT4C1 664/5 


PIN DESCRIPTIONS 


SOJ PIN 
NUMBER(S) 

ZIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

RAS 

Input 

ROW Address Strobe: RAS is used to clock in the 8 row address 
bits and as a strobe for the WEL, WEH and DQ inputs for the 
MASKED WRITE function. 

29 

39 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 8 column 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

28 

38 

OE 

Input 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 

WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high impedance state. 

13 

23 

WE/WEL* 

Input 

WRITE Enable Lower Byte: WEL on MT4C1664 is WE control for 
the DQ1 through DQ8 inputs. WE on MT4C1665 controls DQ1 
through DQ16 inputs. If (WEL or WEH)/WE is LOW, the access is a 
WRITE cycle. The DQ outputs for the byte not being written will 
remain in a high impedance state (byte WRITE cycle only). 

12 

22 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1664 is WE control for the 
DQ9 through DQ16 inputs. If (WEL or WEH)/WE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1665 as it 
has only WORD WRITE access cycles. 

15, 16, 17 
18, 19, 22 
23, 24 

25, 26, 27 
28, 29, 34 
35, 36 

A0 to A7 

Input 

Address Inputs: These inputs are multiplexed and clocked 

by RAS and CAS to select one 1 6-bit word out of the 64K available 

words. 

2, 3, 4, 5, 6 

7, 8, 9, 32, 33 
34, 35, 36 
37, 38, 39 

11, 12, 14 
15, 16, 17 

2, 18, 19,3 
4, 5, 6, 7, 8 
9 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed by 
using WEL or WEH to select the byte to be written. For READ 
access cycles, DQ1 -DQ1 6 act as outputs for the addressed DRAM 
location. All sixteen I/Os are active for READ cycles (there is no 

BYTE READ cycle). 

10,25, 26 
27, 31 

1,20,31 
32, 37 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1 , 1 1 , 20 

13, 21,30 

Vcc 

Supply 

Power Supply: +5V ± 10% 

21,30, 40 

10, 33, 40 

Vss 

Supply 

Ground 


NOTE: *MT4C1 665/MT4C1 664 
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MT4C1 664/5 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address 
bits during READ or WRITE cycles. These are entered 8 bits 
(A0-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1665 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1664. The MT4C166 4 "WE " f unction is 
determined by the first byte WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cy cle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 1 6 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , Wm: and WEH (MT4C1664) or WE (MT4C1665). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFOR E-RAS , or HID- 
DEN refresh) so that all 256 combinations of RAS addresses 
(A0-A7) are e xecute d at least every 4ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 


invoke the refresh counter and controller for row address 
control. 

BYTE WRITE DESCRIPTION (MT4C1664 ONLY) 

The byte WRITE mode is determined by the use of WEL 
and WEFT Enabling WEL will se lect a l ower BYTE WRITE 
cycle (DQ1-DQ8) while enabling WEH will select an upper 
BYTE WRITE (DQ9-DQ16). Enabling both WEL and WEH 
selects a WIRD WRITE cycle. 

The MT4C1664 can be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1664 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1665 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1664 does not have MASKED WRITE cycle function). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ1 6 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illust rates the MT4 C1665* MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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RAS 


WORD WRITE 

\ 


+> ◄ LOWER BYTE WRITE ► 

/ \ r 


\ / \ r 





WEL \ 

/ \ 

/ 




WEH \ 

/ 





LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED 

DATA 

_1_ 

J_ 

J_ 

J_ 

J_ 

J_ 

_1_ 

J_ 

IT 

_o_ 

T 

_o_ 

T 

_o_ 

_o_ 

o 


INPUT 

DATA 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 


> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 


STORED 

DATA 

1 _ 

0 _ 

0 _ 

0 _ 

J_ 

0 


STORED 
DATA 
1_ 

j_ 

0_ 

0_ 

0_ 

1_ 

J_ 

0 


INPUT STORED 

DATA DATA 

i — 5> nr 

■i — > 

i — > 

j \ — > _i_ 

i — > j_ 

i — > j_ 

i — > j_ 

-i > |T 

x > Pf 

x > _ 1 _ 

x > _0_ 

X > 

X > _1_ 

x > 

x > 

x > _0_ 

ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1664 WORD AND BYTE WRITE EXAMPLE 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 




X = NOT EFFECTIVE (DON’T CARE) 


Y/A D0NT CARE 


Figure 2 

MT4C1665 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1664 









Addresses 



Function 


M 

CS5 

WEL 

WEH 

UE 

l R 

l C 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Valid Data In 
Upper Byte, High-Z 


WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data In 


READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

FAST-PAGE-MODE 

1st Cycle 

L 

H— L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Valid Data Out 


FAST-PAGE-MODE 

1 st Cycle 

L 

H— L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Valid Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H—L 

H-L 

H-L 

L— H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L->H-*T 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 



NOTE: 


1 . These cycles may also be byte WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 
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TRUTH TABLE: MT4C1665 








Addresses 



Function 


RA5 


WE 

OE 

l R 

x c 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

READ-WRITE 

L 

L 

H-*L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

H— L 

H 

L 

n/a 

COL 

Valid Data Out 


FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Valid Data In 

1 

EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Valid Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H-L 

L-*H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 


1 . Data In will be dependent on the mask provided. Refer to Figure 2. 

2. EARLY-WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

V,L 

-TO 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

any input (0V < Vin < Vcc, 

all other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

V OH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = 'RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: OAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3, 5 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (0°C < T A < +70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-1° 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

tawc 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

45 


50 


60 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

95 


100 


120 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


25 


30 

ns 

15 

Output Enable time 

l OE 


20 


25 


30 

ns 


Access time from column address 

'AA 


40 


45 


50 

ns 


Access time from CAS precharge 

' CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


mS pulse width (FAST PAGE MODE) 

'RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tDOU 

1 lvj>l 1 

nn 

C.VJ 


20 


25 


ns 


RAS precharge time 

'RP 

50 


55 


60 


ns 


CAS pulse width 

'CAS 

25 

100,000 

30 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

25 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

*CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (0°C < T A < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 30 

Output disable time 

kDD 


10 


12 


20 

ns 

30 

Write command setup time 

>wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

tWCH 

15 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

*WCR 

50 


55 


65 


ns 

26 

Write command pulse width 

tWP 

15 


15 


15 


ns 

26 

Write command to RAS lead time 

l RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

*CWL 

20 


20 


20 


ns 

26 

Data-in setup time 

‘DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

’DHR 

50 


55 


65 


ns 


RAS to WE delay time 

‘RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

V\WD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

l REF 


4 


4 


4 

ms 

28 

RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

15 


15 


15 


ns 

5 

MASKED WRITE command to RAS 
setup time 

tWRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to RAS 
hold time 

*WRH 

15 


15 


15 


ns 

26, 27 

Mask data to RAS setup time 

‘MS 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

*MH 

15 


15 


15 


ns 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

10 


10 


20 


ns 

29 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

•ORD 

0 


0 


0 


ns 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V; Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 
new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, f RWD, 4 AWD and tWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY -WRITE cycles only. If tWCS > *WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), f AWD > f AWD 
(MIN) and tWD > f CWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on the MT4C1664. Write command 
is defined as WE going LOW on the MT4C1665. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 



EARLY-WRITE CYCLE 



OE 


UNDEFINED 


1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs o n MT4 C1 664 are don’t care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs o n MT4 C1 664 are don’t care at RAS time. WE 
selects betwee n nor mal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a 
normal WRIT E, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Wh DON’T CARE 
0 UNDEFINED 


NOTE: 1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs on MT4C1 664 are don’t care at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a 
normal WRIT E, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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ADDR v|l 


RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A y ,OE; WEL, WEH or WE = DON’T CARE) 



*ASR II l RAH 


CAR-BEFORE-RAR refresh cycle 

(A q - A y ; WEL, WEH or WE, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 

( WEL, WEH or WE = HIGH; OE = LOW ) 24 
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DRAM 64K x 16 DRAM 

LOW POWER, FAST PAGE MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 2m W standby; 200m W active, typical 

• All device pins are fully TTL and CMOS compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• 2 TTL load output drive capability 

• BYTE WRITE access cycle (MT4C1668 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1669 only) 

• Reduced CMOS STANDBY CURRENT 

• Reduced operating and refresh currents 

• Extended refresh: 256 cycles over 32ms (125jlls cycles) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1668 

Word only 

MT4C1669 

• Mask Enable 

Not available 

MT4C1668 

Always available 

MT4C1669 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic ZIP (450mil) 

Z 


GENERAL DESCRIPTION 

The MT4C1668/9 are randomly accessed solid-state 
memories containing 1,048,576 bits organized in a xl6 
configuration. The MT4C1668 has both BYTE and WORD 
WRITE access cycles while the MT4C1669 has only WORD 
WRITE access cycles. 

The MT4C1668 functions in a similar manner to the 
MT4C1669 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL a nd WE H 
function in an identical manner to WE: either WEL or 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 40-Pin Zip 

(E-12) (C-6) 


Vcc 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

NC 

Vcc 

*NC/WEH 

*WE/WEL 

RAS 

AO 

A1 

A2 

A3 

A4 

Vcc 


1 • 40 


2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


Vss 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

DQ1 1 

DQ10 

DQ9 

NC 

Vss 

CAS 

OE 

**NC 

NC 

NC 

A7 

A6 

A5 

Vss 


I\1C 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ415 
DQ617 
DQ819 
Vcc 21 
•WE/WEL23 
AO 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
**NC 37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14 DQ3 
16DQ5 
18DQ7 
20 NC 

22 ‘NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 OE 
40 Vss 


* MT4C 1 669/MT 4C 1 668 
** NC = No Connect 


WEH will generate an internal WE through an AND gate 
(inverted NOR gate). 

The MT4C1668 "WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH ) to transition LOW 
and the last to transition back HIG H. Us e of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C1669 has NONPERSISTENT MASKED WRITE 
capability. 

The extended refresh of the MT4C1668/9 provides a 
factor-of-eight reduction of refresh intervals required, as 
compared to a standard 64K x 16 DRAM (MT4C1664/5). 
The MT4C1668/9 offers lower operating power as well as 
the reduced refresh current and standby current. The 
MT4C1668/9 are the same devices as the MT4C1664/5, but 
with the low power capabilites. 


MT4C 1668/9 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBER(S) 

ZIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 8 row-address bits 
and as a strobe for the WEL, WEH and DQ inputs for the MASKED 
WRITE function. 

29 

39 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 column- 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

28 

38 

OE 

Input 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 

WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high-impedance state. 

13 

23 

WE/WEL* 

Input 

Write Enable Lower Byte: WEL on MT4C1668 is WE control for the 
DQ1 through DQ8 inputs. WE on MT4C1669 controls DQ1 through 
DQ16 inputs. If (WEL or WEH)/WE is LOW, the access is a WRITE 
cycle. The DQ outputs for the byte not being written will remain in a 
high impedance state (BYTE WRITE cycle only). 

12 

22 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1668 is WE control for the 
DQ9 through DQ16 inputs. If (WEL or WEH)/WE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1669 as it 
has only WORD WRITE access cycles. 

15,16,17 
18, 19, 22 
23, 24 

25, 26, 27 
28, 29, 34 
35, 36 

A0 to A 7 

Input 

Address Inputs: These inputs are multiplexed and clocked 

by RAS and CAS to select one 1 6-bit word out of the 64K available 

words. 

2, 3, 4, 5, 6 

7, 8, 9, 32, 33 

34, 35, 36 
37, 38, 39 

11, 12, 14 
15, 16, 17 

2, 18, 19, 3 
4, 5, 6, 7, 8 
9 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1 -DQ1 6 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed by 
using 

WEL or WEH to select the byte to be written. For READ access 
cycles, DQ1-DQ16 act as outputs for the addressed DRAM location. 
All 16 I/Os are active for READ cycles (there is no Byte READ 
cycle). 

10,25, 26 
27, 31 

1,20,31 
32, 37 

NC 

~ 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1, 11,20 

13, 21,30 

Vcc 

Supply 

Power Supply: +5V ± 1 0% 

21 , 30, 40 

10,33,40 

Vss 

Supply 

Ground 


NOTE: *MT4C1 669/MT4C1 668 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address- 
bits during READ or WRITE cycles. These are entered 8 bits 
(A0-A 7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1669 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1668. The MT4C1668 "WE" function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logi c HIG H on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRIT E cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1668) or WE (MT4C1669). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 256 combinations of RAS ad- 
dresses (A0-A7) are execu ted at lea st eve ry 32ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh cycle will 


also invoke the refresh counter and controller for row 
address control. 

BYTE WRITE DESCRIPTION (MT4C1668 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will sele ct a lo wer BYTE 
WRITE cycle (DQ1-DQ8) while enabling WEH will select 
an upper BYTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1668 may be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1668 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1669 ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1669 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1668 does not have a MASKED WRITE cycle func- 
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit. the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates the MT4C1669 MASKED WRITE op- 
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 



X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1668 WORD AND BYTE WRITE EXAMPLE 
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WORD MASKED WRITE 


WORD NON-MASKED WRITE 



STORED MASK 


INPUT 


STORED 


STORED 


MASK 


INPUT STORED 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


DATA DATA 

T| o 

1 

j_ 0 

j_ i 

_i_ o 

J_ 1 

JL 0 

i i 


i| o 

71 o 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


o 

0 

1 
i 
i 


0 1 


DATA 

x Cl 

0 — > _0_ 

X 

0 > ^o_ 

X 

0 > _0_ 

X _1_ 

o > [cT 

x IT 

x _i_ 

x _n_ 

X _0_ 

o > _o_ 

0 > _o_ 

1 > _1_ 

1 > 1 


DATA DATA 

T| X 

_0_ X 

JL x 

A x 

J_ x 

_o_ x 

JL x 

Tj x 

3 x 

_L x 

0 x 

A x 

A x 

A x 

A x 

1 x 


DATA DATA 

i — > nr 

■i — > 

i > j_ 

i > _i_ 

o > _o_ 

o > o_ 

o > _o_ 

0 > [T 

1 > FT 

0 > j)_ 

1 > i 

0 > T 

■i > 

1 > j_ 

o > _o_ 

o > o 


ADDRESS 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


YJJ\ DON’T CARE 


Figure 2 

MT4C1669 MASKED WRITE EXAMPLE 
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Addresses 



Function 


RA$ 

CE5 

WEL 

WEH 

UE 

l R 

x c 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Valid Data In 
Upper Byte, High-Z 


WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data In 


READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Valid Data Out 


FAST-PAGE-MODE 

1 st Cycle 

L 

H— L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Valid Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-*L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L^H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-H-*L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAg-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 



NOTE: 


1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 
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TRUTH TABLE: MT4C1669 








Addresses 



Function 


RA5 

CA5 

We 

<5E 

* R 

X C 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Valid Data Out 


FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Valid Data In 

1 

EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Valid Data In 

1 

FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 1 . Data-In will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta( Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

any input (0V < Vin < Vcc, 

all other pins not under test = 0V) 

ll 

-2 

2 

ha 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

650 

650 

650 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

100 

90 

80 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: *PC - *PC (MIN)) 

ICC4 

75 

65 

65 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = *RC (MIN)) 

ICC5 

100 

90 

80 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: { RC = { RC (MIN)) 

ICC6 

100 

90 

80 

mA 

3, 5 

REFRESH CURRENT: BATTERY BACK-UP (extended refresh 
cycles). Average power supply current with CAS= 0.2V or CBR; 

RAS has minimum l RAS of Ips; AO-A7,WE,OE and DQs = Vcc -0.2V 
or 0.2V (DQs may float); *RC = 1 25ps 

ICC7 

800 

800 

800 

pA 

3 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13, 23) (0°C <T ft < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

'RWC 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

toC 

45 


50 


60 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

95 


100 


120 


ns 


Access time from RAS 

t RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

t CAC 


20 


25 


30 

ns 

15 ! 

Output Enable time 

x OE 


20 


25 


30 

ns 


Access time from column address 

X AA 


40 


45 


50 

ns 


Access time from CAS precharge 

toPA 


45 


50 


55 

ns 


RAS pulse width 

t RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

to ASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

toSH 

20 


20 


25 


ns 


RAS precharge time 

top 

50 


55 


60 


ns 


CAS pulse width 

'CAS 

25 

100,000 

30 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

toPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

tep 

10 


10 


10 


ns 


RAS to CAS delay time 

toCD 

20 

45 

20 

50 

25 

60 

ns 

17 

CAS to RAS precharge time 

toRP 

5 


5 


5 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

toAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

toAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

toAL 

35 


40 


50 


ns 


Read command setup time 

’RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

toCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (0°C < T A < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 I 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•off 

0 

20 

0 

20 

0 

20 

ns 

20, 30 

Output disable time 

{ OD 


10 


12 


20 

ns 

30 

Write command setup time 

x \ncs 

0 


0 


0 


ns 

21,26 

Write command hold time 

tWCH 

15 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

*WCR 

50 


55 


65 


ns 

26 

Write command pulse width 

Aa/p 

15 


15 


15 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

^WL 

20 


20 


20 


ns 

26 

Data-in setup time 

t>s 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t)HR 

50 


55 


65 


ns 


RAS to WE delay time 

t RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

V\WD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

•CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

*REF 


32 


32 


32 

ms 

28 

RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

tCHR 

15 


15 


15 


ns 

5 

MASKED WRITE command to RAS 
setup time 

•WRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to RAS 

hold time 

A/VRH 

15 


15 


15 


ns 

26, 27 

Mask data to RAS setup time 

•ms 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

t MH 

15 


15 


15 


ns 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

10 


10 


20 


ns 

29 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

'ORD 

0 


0 


0 


ns 
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NOTES 

1 . All voltages referenced to Vss. 20. kDFF (MAX) defines the time at which the output 

2. This parameter is sampled. Capacitance is calculated achieves the open circuit condition and is not 


from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 32ms 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, *RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, data out (Q) 
will bemaintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
l RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified fc RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or l RRH must be satisfied for a READ 
cycle. 


referenced to Voh or Vol. 

21. nvcs, l RWD, l AWD and l CWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIFY-WRITE cycles only. If HVCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > f AWD 
(MIN) and tCWD > t CW D (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. WRITE command is defined as either WEL or WEH 
or both going LOW on the MT4C1668. WRITE 
command is defined as WE going LOW on the 
MT4C1669. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 



EARLY-WRITE CYCLE 



OE 


YJ7\ DON’T CARE 
jjjjjjl UNDEFINED 


1 . Applies to MT4C1 669 only; WEL, WEH and DQ inputs on MT4C1 668 are don’t care at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 




READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



Y/A DON’T CARE 
(§2 UNDEFINED 


1 . Applies to MT4C1 669 only; WEL, WEH and DQ inputs o n MT4 C1 668 are don’t care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 






PRELIMINARY 


I |^IIC=ROIM MT4C1 668/9 

■ TECHNOLOGY, INC. 


FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



WK DON’T CARE 
® UNDEFINED 


NOTE: 1 . Applies to MT4C1 669 only; WE L, WEH and DQ inputs o n MT4 C1 668 are don’t care at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A y ,OE; WEL, WEH or WE = DON’T CARE) 


V |(_| — " 

RAS vj[_ _ 


CAS v(H _ 


ADDR v|l 



{ ASR B | | t *RAH 
ROW 


■» v§r 


£A5-BEFORE-F?A5 REFRESH CYCLE 

(A q - A y ; WEL, WEH or WE, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 

( WEL, WEH or WE = HIGH; OE = LOW) 24 


F— 1 

: ■( 


'CHR 




II <RAL 
*ASC 1 1 ‘CAH 



I DON’T CARE 
I UNDEFINED 
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■ TECHNOLOGY, INC. 


DRAM 64K x 1 6 DRAM 

STATIC COLUMN MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225m W active, typical 

• All device pins are fully TTL and CMOS compatible 

• 256 cycle refresh in 4ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional STATIC COLUMN MODE access cycle 

• 2 TTL Load output drive capability 

• BYTE WRITE access cycle (MT4C1670 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1671 only) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1670 

Word only 

MT4C1671 

• Mask Enable 

Not Available 

MT4C1670 

Always Available 

MT4C1671 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic ZIP (450mil) 

Z 


GENERAL DESCRIPTION 

The MT4C1670/1 are randomly accessed solid-state 
memories containing 1,048,576 bits organized in a xl6 con- 
figuration. The MT4C1670 has both BYTE and WORD 
WRITE access cycles while the MT4C1671 has only WORD 
WRITE access cycles. 

The MT4C1670 functions in a similar manner to the 
MT4C1671 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or 
WEH will generate an internal WE through an AND gate 
(Inverted NOR gate). 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(E-12) 


40-Pin Zip 

(C-6) 


Vcc 

[ 

1 • 

40 

DQ1 

C 

2 

39 

DQ2 

[ 

3 

38 

DQ3 

[ 

4 

37 

DQ4 

[ 

5 

36 

DQ5 

[ 

6 

35 

DQ6 

c 

7 

34 

DQ7 

[ 

8 

33 

DQ8 

[ 

9 

32 

NC 

[ 

10 

31 

Vcc 

[ 

11 

30 

*NC/WEH 

E 

12 

29 

*WE/WEL 

[ 

13 

28 

RAS 

l 

14 

27 

A0 

[ 

15 

26 

A1 

[ 

16 

25 

A2 

l 

17 

24 

A3 

C 

18 

23 

A4 

[ 

19 

22 

Vcc 

[ 

20 

21 


Vss 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

DQ11 

DQ10 

DQ9 

NC 

Vss 

CAS 

OE 

**NC 

NC 

NC 

A7 

A6 

A5 

Vss 


NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ4 15 
DQ617 
DQ8 19 
Vcc 21 
*WE/WEL 23 
AO 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
**NC 37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14DQ3 
16DQ5 
18DQ7 
20 NC 

22 *NC/WEH 
24RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


* MT4C1671/MT4C1670 
** NC = No Connect 


The MT4C1670 "WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH ) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C1671 has NONPERSISTENT MASKED WRITE 
capability. 


MT4C 1670/1 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBER(S) 

ZIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 8 row-address bits 
and as a strobe for the WEL, WEH and DQ inputs for the MASKED 
WRITE function. 

29 

39 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 column- 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

28 

38 

OE 

Input 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 

WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high-impedance state. 

13 

23 

WE/WEL* 

Input 

Write Enable Lower Byte: WEL on MT4C1670 is the WE control for 
the DQ1 through DQ8 inputs. WE on MT4C1671 controls DQ1 
through DQ16 inputs. If (WEL or WEH)/WE is LOW, the access is a 
WRITE cycle. The DQ outputs for the byte not being written will 
remain in a high-impedance state (BYTE WRITE cycle only). 

12 

22 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1670 is WE control for the 
DQ9 through DQ16 inputs. If (WEL or WEH)/WE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1671 as it 
has only WORD WRITE access cycles. 

15, 16, 17 
18, 19, 22 
23, 24 

25, 26, 27 
28, 29, 34 
35, 36 

A0 to A7 

Input 

Address Inputs: These inputs are multiplexed and clocked 

by RAS and CAS to select one 1 6-bit word out of the 64K available 

words. 

2, 3, 4, 5, 6 

7, 8, 9, 32, 33 
34, 35, 36 
37, 38, 39 

11, 12, 14 
15, 16, 17 

2, 18, 19,3 
4, 5, 6, 7, 8 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed by 
using WEL or WEH to select the byte to be written. For READ 
access cycles, DQ1-DQ16 act as outputs for the addressed DRAM 
location. All 16 I/Os are active for READ cycles (there is no BYTE 
READ cycle). 

10, 25, 26 
27, 31 

1,20,31 
32, 37 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1 , 1 1 , 20 

13, 21,30 

Vcc 

Supply 

Power Supply: +5V ± 10% 

21,30, 40 

10, 33, 40 

Vss 

Supply 

Ground 


NOTE: *MT4C1 671/MT4C1 670 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address- 
bits during READ or WRITE cycles. These are entered 8 bits 
(AO -A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1671 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1670. The MT4C167 0 "WE " f unction is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. T aking WE LOW will initiate a WRITE 
cy cle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1670) or WE (MT4C1671). 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A7) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. By holding RAS and CAS LOW, different col- 
umn addresses may be given for executing faster STATIC 
COLUMN READ cycles . Faster STATIC COLUMN WRITE 
cycles must have CAS or WE toggled strobing-in the dif- 
ferent column addresses. Returning RAS HIGH terminates 
the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 256 combinations of RAS ad- 
dresses (A0-A7) are executed at least every 4ms, regardless 


of sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 

BYTE WRITE ACCESS CYCLE (MT4C1670 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an upper BYTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1671 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 does not have a MASKED WRITE cycle func- 
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ1 6 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates theM T4C1671 MASKED WRITE op- 
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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Figure 1 

MT4C1670 WORD AND BYTE WRITE EXAMPLE 
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Figure 2 

MT4C1671 MASKED WRITE EXAMPLE 
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Addresses 



Function 


RAS 

CAS 

WEL 

WEH 

(5E 



DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Valid Data In 
Upper Byte, High-Z 


WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data In 


READ-WRITE 

L 

L 

H-L 

H—L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

STATIC COLUMN 

1 st Cycle 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

L 

H 

H 

L 

n/a 

COL 

Valid Data Out 


STATIC COLUMN 

1 st Cycle 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

EARLY-WRITE 

2nd Cycle 

L 

*L 

*L 

*L 

X 

n/a 

COL 

Valid Data In 

1,3 

STATIC COLUMN 

1st Cycle 

L 

L 

H-*L 

H— L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

READ-WRITE 

2nd Cycle 

L 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

READ 

L^H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-+H-+L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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Function 

RA5 

UA5 

We 

UE 

Addresses 

DQs 

NOTES 

l R 

l c 

Standby 

H 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

STATIC COLUMN 
READ 

1 st Cvcle 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


2nd Cycle 

L 

L 

H 

L 

n/a 

COL 

Valid Data Out 


STATIC COLUMN 
EARLY-WRITE 

1 st Cycle 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1 

2nd Cycle 

L 

*L 

*L 

X 

n/a 

COL 

Valid Data In 

1,3 

STATIC COLUMN 
READ-WRITE 

1st Cycle 

L 

L 

H-*L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1 

2nd Cycle 

L 

L 

H-+L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 1 . Data-in will be dependent on the mask provided. Refer to Figure 2. 

2. EARLY-WRITE only. 

3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

any input (0V < Vin < Vcc, 

all other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VoH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = ! RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3, 4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: t PC = { PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3, 4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = l RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3, 5 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (0°C <T^< +70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


~ - 

_ -8 _ 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

*RWC 

175 


185 


220 


ns 


STATIC-COLUMN READ or WRITE 
cycle time 

X SC 

45 


50 


60 


ns 


STATIC-COLUMN READ-WRITE 
cycle time 

‘SRMC 

95 


100 


120 


ns 


Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


25 


30 


35 

ns 

15 

Output Enable time 

tQE 


20 


25 


30 

ns 


Access time from column address 

'AA 


40 


45 


50 

ns 


Access time from CAS precharge 

*CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

t RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


55 


60 


ns 


CAS pulse width 

*CAS 

25 

100,000 

30 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

‘RCD 

20 

45 

20 

50 

25 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

‘RAH 

10 


12 


12 


ns 


RAS to column 
address delay time 

*RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

‘CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

‘RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

x OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 30 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (0°C < T A < +70°C; Vcc = 5.0V ±10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output Disable time 

K)D 


10 


12 


20 

ns 

30 

Write command setup time 

'\ncs 

0 


0 


0 


ns 

21,26 

Write command hold time 

<WCH 

15 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

*WCR 

50 


55 


65 


ns 

26 

Write command pulse width 

*WP 

15 


15 


15 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

*CWL 

20 


20 


20 


ns 

26 

Data-in setup time 

'DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t>HR 

50 


55 


65 


ns 


RAS to WE delay time 

t RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

*AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

tCWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

'REF 


4 


4 


4 

ms 

28 

RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

<CHR 

15 


15 


15 


ns 

5 

MASKED WRITE command to RAS 
setup time 

*WRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to RAS 

hold time 

*wrh 

15 


15 


15 


ns 

26, 27 

Mask data to RAS setup time 

•ms 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

'MR 

15 


15 


15 


ns 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OER 

10 


10 


20 


ns 

29 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

>ORD 

0 


0 


0 


ns 


Last WRITE to column address 
delay 

'LWAD 

20 

30 

20 

35 

25 

45 

ns 


Last WRITE to column address 
hold time 

*AHLW 

65 


75 


95 


ns 


Access time from last WRITE 

*ALW 

65 


75 


95 


; 

ns 


Output data enable from WRITE 

'ow 

l AA 


l AA 


l AA 


ns 


Output data hold time from 
column address 

>AOH 

5 


5 


5 


ns 


RAS hold time referenced to OE 

tROH 

10 


10 


10 


ns 


Column address hold time 
referenced to RAS HIGH 

{ AR 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

'CSC 

'CAS 


'CAS 


<CAS 


ns 


Write command in active time 

*WI 

10 


10 


10 


ns 
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NOTES 

1. All voltages referenced to Vss. 19. Either *RCH or *RRH must be satisfied for a READ 

2. This parameter is sampled. Capacitance is calculated cycle. 

from the equation C = I dt / dv with dv = 3V 20. t OFF ( MAX) defines the time at which the output 

and Vcc = 5V. achieves the open circuit condition and is not 

3. Icc is dependent on cycle rates. referenced to Voh or Vol. 

4. Icc is dependent on output loading and cycle rates. 21 . tWCS, t RWD / AWD and f CWD are restrictive 

Specified values are obtained with minimum cycle operating parameters in LATE- WRITE and READ- 

time and the outputs open. MODIFY- WRITE cycles only. If *WCS > tWCS (MIN), 

5. Enables on-chip refresh and address counters. the cycle is an EARLY- WRITE cycle and the data 


6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil ( MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vtt ,, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
50pF. 

14. Assumes that 4 RCD < *RCD ( MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that 4 RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD ( MAX). 

16. If CAS is LOW at the falling edge of RAS, data out (Q) 
will bemaintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD ( MAX) limit ensures that 
*RAC ( MAX) can be met. l RCD ( MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified ’RCD ( MAX) limit, then access time is 
controlled exclusively by fc CAC. 

18. Operation within the *RAD ( MAX) limit ensures that 
*RCD ( MAX) can be met. l RAD ( MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified l RAD ( MAX) limit, then access time is 
controlled exclusively by t AA. 


output will remain an open circuit throughout the 
entire cycle. If *RWD > <RWD (MIN), l AWD > l AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE- WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. WRITE command is defined as either WEL or WEH 
or both going LOW on the MT4C1670. WRITE 
command is defined as WE going LOW on the 
MT4C1671. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after t OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 



EARLY-WRITE CYCLE 



J77\ DON'T CARE 
jjjjjj UNDEFINED 


1 . Applies to MT4C1 671 only; WE L, WEH and DQ inputs o n MT4 C1 670 are don’t care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



Y77\ DON’T CARE 
|^| UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 only; WE L, WEH and DQ inputs o n MT4 C1 670 are don’t care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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STATIC-COLUMN EARLY-WRITE CYCLE 

(WE CONTROLLED) 




STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS CONTROLLED) 



NOTE: 1. Applies to MT4C1 671 only; WEL, WEH and DQ in puts o n MT4C1 670 are don’t care at RAS time. WE selects 

betweenjiormal WRITE and MASKED WRITE at RAS time . The DQ inputs are don’t care for a no rmal W RITE, WE 
HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED WRITE, WE LOW at RAS 
time. 
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STATIC COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MQDIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C1 671 only; WEL, WEH and DQ inputs o n MT4 C1 670 are don’t care at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e don’t care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A q - A ? ,OE; WEL, WEH or WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A 0 - A 7 ; WEL, WEH or WE, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 

( WEL, WEH or WE = HIGH; OE = LOW ) 24 


n *AR ^ 

^ { RAD ! RAL 

a tASR ^ ^ tRAH ^ ^ASC ^ m 

row columm , 
^ *AA 

^ ~ <RAC 

< *CAC 
JCLZ 


mxxy- 

toE 


l ORD 



] DON’T CARE 
I UNDEFINED 
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DRAM 64K x 16 DRAM 

FAST PAGE MODE, DUAL CAS 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 350mW active, typical 

• All device pins are fully TTL and CMOS compatible 

• 256-cycle refresh in 4ms 

• Refresh modes: MS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• 2 TTL Load output drive capability 

• BYTE WRITE access cycle via two CAS control pins 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 


MARKING 

- 7 

- 8 
-10 


• Packages 

Plastic SOJ (400mil) DJ 

Plastic ZIP (475mil) Z 


GENERAL DESCRIPTION 

The MT4C1 672 is a randomly accessed solid-state memo- 
ries containing 1,048,576 bits organized in a xl6 configura- 
tion. The MT4C1672 has both byte and word write access 
cycles. 

The MT4C1672 functions in a similar manner to the 
MT4C1664 ex cept th at the BYTE WRITE cy cles a re deter- 
mined by two CAS controls rather than two WE controls. 

The MT4C1672 has the same pinout as the MT4C1664 
except WEL is replaced by WE, WEH is replaced by CASH 
and CAS is replaced by CASL. These changes allow for the 
CAS controlled byte WRITE access cycles. 

The MT4C1672 CAS function and timing are determined 
by thefirst BYTE WRITE (CASLor CASH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 


PIN ASSIGNMENT (Top View) 

40-Pin SOJ 40-Pin ZIP 

(E-12) (C-6) 


Vcc 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

NC 

Vcc 

CASH 

WE 

RAS 

A0 

A1 

A2 

A3 

A4 

Vcc 


Vss 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

DQ1 1 

DQ10 

DQ9 

NC 

Vss 

CASL 

OE 

NC 

NC 

NC 

A7 

A6 

A5 

Vss 



NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ415 
DQ617 
DQ819 
Vcc 21 
WE 23 
AO 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
NC 37 
CASE 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14 DQ3 
16 DQ5 
18DQ7 
20 NC 
22 CASH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


NC = No Connect 


The MT4C1672 does not have B YTE READ cycl es. All 16 
DQs are active regardless whether CASLor CASH is active. 
CASL and CASH function in an identical manner to CAS : 
eith er CA SL or CA SH will generate an internal CAS. The 
first CAS ( CASL or CASH) to transition LOW and the last 
to transition back HIGH determines the CAS timing for all 
16 DQs during READ cycles. 

The MT4C1672 specifications are exactly the same as the 
MT4C1664 specifications. Referrence to the MT4C1664 data 
sheet will provide all the specifications needed for the 
MT4C1672. 
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TECHNOLOGY, INC, 


MT4C1 6256/7/8/9 


DRAM 256K x 16 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High performance, CMOS silicon gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 350m W active, typical 

• All device pins are fully TTL and CMOS compatible 

• 512 cycle refresh in 8ms (9 rows and 9 columns) 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle, 512 
locations wide 

• BYTE WRITE access cycle 

• BYTE READ access cycle (MT4C16257/9 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1 6258/9 only) 

OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 

• Write Cycle Access 
Byte or Word via WE 
Byte or Word via CAS 

• Masked Write 
Not Available 
Available 

• Packages 

Plastic SOI HI 

Plastic TSOP (*) TG 

GENERAL DESCRIPTION 

The MT4C16256/7/8/9 are randomly accessed solid- 
state memories containing 4,194,304 bits organized in a xl6 
configuration. The MT4C 16256 and MT4C 16258 have both 
byte and word write access cycles via two write enable pins. 
The MT4C16257 and MT4C16259 have both byte and word 
write access cycles via two CAS pins. The MT4C16258 and 
MT4C16259 are also able to perform WRITE-PER-BIT ac- 
cesses. 

The MT4C16256 and MT4C16257 function in the same 
manner except that WEL and WEH on MT4C16256 and 
CASL and CASH on MT4C16257 control the selection of 
byte WRITE access cycles. WEL and WEH function in an 


MT4C16256, MT4C16258 
MT4C16257, MT4C16259 


MT4C16256, MT4C16257 
MT4C16258, MT4C16259 


MARKING 

- 7 

- 8 
-10 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(E-12) 


Vcc 

DQ1 

DQ2 

DQ3 

DQ4 

VCC 

DQ5 

DQ6 

DQ7 

DQ8 

NC 

WEL 

WEH 

RAS 

NC 

AO 

A1 

A2 

A3 

Vcc 


C 2 
C 3 
C 4 
C 5 
C 6 
[ 7 
[ 8 
[ 9 
C 10 
[ 11 
C 12 

C 13 
: 14 
c 15 
[ 16 
[ 17 

C 18 

C 19 


00 

<B 

in 

CM 

CO 

1— 

O 

rr 


40 3 Vss 
39 : DQ16 
38 ] DQ15 
37 ] DQ14 
36 : DQ13 
35 : VSS 
34 1 DQ12 
33 1 DQ1 1 
32 H DQ10 
31 H DQ9 
30 3 NC 
29 3 NC 
28 3 CAS 
27 3 OE 
26 3 A8 
25 3 A7 
24 3 A6 
23 3 A5 


A4 

Vss 



NC = No Connect 

‘Consult factory for availibilty of TSOP packages 


identical manner to WE in that either WEL or WEH will 
generate an internal WE. CASL and CASH function in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4C16256 "WE" function and timing are deter- 
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C 16257 "CAS" funct ion and timing are deter- 
mined by the first CAS ( CASL or C ASH)to transition LOW 
and by the last to transition back HIG H. Use o f only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257. 

The MT4C16258 and MT4C16259 function in the same 
manner as MT4C16256 and MT4C16257, respectively; and 
they have NONPERSISTENT, MASKED WRITE cycles ca- 
pabilities. This option allows the MT4C16258 and 
MT4C 16259 to operate with either normal WRITE cycles or 
with NONPERSISTENT, MASKED WRITE cycles. 


MT4C1 6256/7/8/9 
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PIN DESCRIPTIONS 


SOJ PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

14 

RAS 

Input 

ROW Address Strobe: RAS is used to latch in the 9 row address 
bits and as a strobe for the WE and DQ's on the MASKED WRITE 
option (MT4C1 6258 and MT4C16259 only). 

28 

CAS/ CASH 

Input 

Column Address Strobe: CAS (MT4C 16256/8) is used to latch in 
the 9 column address bits, enable the DRAM output buffers, and 
as a strobe for the data inputs on WRITE cycles. CAS controls 

DQ1 through DQ1 6. Column Address Strobe Upper Byte: CASH 
(MT4C1 6257/9) is the CAS control for DQ9 through DQ1 6. The 

DQs for the byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ or a WRITE access cycle. 

27 

OE 

Input 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS (MT4C1 6256/8) or 
CASL / CASH (MT4C1 6257/9) must be LOW and WEL / WEH 
(MT4C1 6256/8) or WE (MT4C1 6257/9) must be HIGH before OE 
will control the output buffers. Otherwise the output buffers are in a 
high impedance state. 

13 

WEH/WE 

Input 

Write Enable Upper Byte: WEH (MT4C1 6256/8) is WE control 
forthe DQ9 through DQ16 inputs. If WEL or WEH is LOW, the 
access is a WRITE cycle. The DQs for the byte not being 
written will remain in a high impedance state (byte WRITE cycle 
only). 

Write Enable: WE (MT4C1 6257/9) controls DQ1 through DQ16 
inputs. If WE is LOW, the access is a WRITE cycle. The 

MT4C1 6258/9 also use WE to enable the MASK register during 
RAS time. 

12 

WEL/NC 

Input 

Write Enable Lower Byte: WEL (MT4C1 6256/8) is the WE control 
for DQ1 through DQ8 inputs. If WEL or WEH is LOW, the access 
is a WRITE cycle. The DQs for the byte not being written will 
remain in a high impedance state (byte WRITE cycle only). 

29 

NC/CASL 

Input 

Column Address Strobe Low Byte: CASL (MT4C1 6257/9) is the 

CAS control for DQ1 through DQ8. The DQs for the byte not being 
accessed will remain in a high impedance state during either a 
READ or a WRITE access cycle. 

16-19 

22-26 

AO to A8 

Input 

Address Inputs: These inputs are multiplexed and clocked by 

RAS and CAS (or CASL / CASH) to select one 16-bit word (or 8- 
bit byte) out of the 256K available words. 

2-5, 7-10 

31-34, 36-39 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. Byte writes can be performed by using 
WEL / WEH (MT4C1 6256/8) or CASL / CASH (MT4C1 6257/8) to 
select the byte to be written. For READ access cycles, DQ1-DQ16 
act as outputs for the addressed DRAM Location. All sixteen I/O's 
are active for READ cycles (MT4C 16256/8). The MT4C1 6257/9 
allow for Byte READ cycles. 

11, 15, 30 

NC 


No Connect: These pins should be either left unconnected or tied 
to ground. 

1,6,20 

Vcc 

Supply 

Power Supply: +5V ± 10% 

21,35, 40 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 18 address 
bits during READ or WRITE cycles. These are entered nine 
bits (AO -A8) at a time. RAS is used to latch the first nine bits 
and CAS the latter nine bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RA S goe s low. The 
MT4C16256 and MT4C16258 each have one CAS control while 
the MT4C16257 an d MT4C 16259 have two: CASL and C ASH. 

The CASL and CASH inputs internally gener ate a CAS 
signal functioning in an identical manner to the singleCAS input 
on the other 256K x 16 DRAMs. The key difference is each 
CAS controls its corresponding DQ tristate logic (in con- 
junc tionwit hOE and WE). CASL controls DQ1 through DQ8 
and CASH controls DQ9 through DQ16. 

The MT4C1625 7 and MT4C16259 "CAS" function is deter- 
mined by the first CAS (CASL or CASH ) to transition LOW 
and the last one to transition back HIGH. The two CAS 
controls give the MT4C16257 andMT4C16259both byte READ 
and byte WRITE cycle capabilities. 

A READ or WRIT E cycl e on the MT4C16257 or MT4C16259 
is selected w ith th e WE input while either WEL or WEH 
perform the /; WE" on the MT4C16256 or MT4C16258. The 
MT4C16256 and MT4C16258 "WE" function is determined by 
the first byte WRITE (WEL or WEH) to transition LOW and the 
last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LO W will initiate a WRITE 
cy cle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going L OW, t he output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 1 6 data inputs and 1 6 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C16256 and MT4C16258) or 
WE (MT4C16257 and MT4C16259). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed in by RAS followed by a column address strobed in 
by CAS. By holding RAS LOW, CAS may be toggled 
strobing in different colu mn add resses and executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 


The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-MS, or HID- 
DEN refresh) so that all 512 combinations of RAS addresses 
(A0-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BYTE ACCESS CYCLE 

The byte WRITE mode is determined by the use of WEL 
and WEH or CASL and CASH. Enabling WEL /CASL will select 
a lower byte WRITE cycle (DQ1-DQ8) while Enabling 
WEH or CASH will select an upper byte WRITE cycle (DQ9- 
DQ16). Enabling both WEL and WEH or CASL and CASH 
selects a word WRITE cycle. 

The MT4C16256, MT4C16257, MT4C16258 and 
MT4C16259 can be viewed as two 256K x 8 DRAMS which 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C16256 byte 
and word WRITE cycles and Figure 2 illustrates the 
MT4C16257 byte and word WRITE cycles. 

The M T4C16 257 also has byte and word READ cycles since it 
uses two CAS inputs to control its byte accesses. Figure 3 illus- 
trates the MT4C16257 byte and word READ cycles. 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 Only) 

The MASKED WRITE mode control input selects normal 
WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle c an be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is se- 
lected when mask data is supplied on the DQ pins and WE 
is LOW at RAS time. The MT4C16256 and MT4C16257 do 
not have the MASKED WRITE cycle function). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ1 6 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ- 
ous cycle’s mask was the same mask. 

Figure 4 illustrates the MT4C 16258 and MT4C16259 
MASKED WRITE operation (Note: RAS or CAS time refers 
to the time at which RAS or CAS transition from HIGH to LOW) . 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 



X = NOT EFFECTIVE (DON'T CARE) 


Figure 1 

MT4C1 6256/8 WORD AND BYTE WRITE EXAMPLE 
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WORD WRITE 


LOWER BYTE WRITE 


STORED INPUT INPUT STORED STORED 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ1 6) 
OF WORD 


X = NOT EFFECTIVE (DON'T CARE) 


Figure 2 

MT4C1 6257/9 WORD AND BYTE WRITE EXAMPLE 
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WORD READ 


LOWER BYTE READ 


STORED OUTPUT OUTPUT STORED STORED 


OUTPUT OUTPUT STORED 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


Z = High-Z 


Figure 3 

MT4C1 6257/9 WORD AND BYTE READ EXAMPLE 
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^ MAQk'l-n XA/niTF" ^ 

^ MOMh/iAOi/rn XA/niTP ^ 

^ MAolXtU Will 1 L: ^ 

^ NUINMAoMlU Wnl 1 t ► 



STORED MASK 


INPUT 


STORED 


STORED 


MASK 


INPUT STORED 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


DATA DATA 

7] o 

J_ 1 

_1_ o 

j_ i 

_i_ o 

J_ 1 

j_ o 

Tj i 

m o 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


o 

0 

1 
i 
i 


0 1 






1 

_o_ 



_ 0 _ 

i 



1 

_o_ 



0 

i 



1 

_o_ 



_ 0 _ 




1 

_o_ 



0 

T 

i 



T 

i 

0 



0 

0 



0 

"o 1 



0 

0 



0 

1 



1 

1 



1 


DATA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


DATA DATA 

i — > pr 

i — > _i_ 

i — > j_ 

-j — > 

0 > J)_ 

0 > _0_ 

o > _0_ 

0 > pcT 

1 > [T 

0 > _o_ 

1 > j_ 

0 > IT 

1 > 

1 > j_ 

o > T 

o > o 


ADDRESS 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Y7/\ DON’T CARE 


Figure 4 

MT4C1 6258/9 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1 6256/8 









Addresses 



Function 


RAS 

Ca5 

WET 

WEH 

m 

l R 

t C 

DQs 

NOTES 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Valid Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data In 

3 

READ-WRITE 

L 

L 

H— L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1,3 

PAGE-MODE 

1 st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


READ 

2nd Cycle 

L 

H— L 

H 

H 

L 

n/a 

COL 

Valid Data Out 


PAGE-MODE 

1 st Cycle 

L 

H-L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,3 

WRITE 

2nd Cycle 

L 

H-+L 

L 

L 

X 

n/a 

COL 

Valid Data In 

1,3 

PAGE-MODE 

1 st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1,3 

READ-WRITE 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1,3 

HIDDEN 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Valid Data Out 


REFRESH 

WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,2,3 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-*L 

L 

X 

X 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be byte WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data in will be dependent on the mask provided (MT4C16258 only). Refer to Figure 4. 
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TRUTH TABLE: MT4C1 6257/9 


Function 

RAS 

CAST 

Cash 

WE 

CE 

Addresses 

DQs 

NOTES 

l R 

X C 

Standby 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ: WORD 

L 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 


READ: LOWER BYTE 

L 

L 

H 

H 

L 

ROW 

COL 

Lower Byte, Valid Data Out 
Upper Byte, High-Z 


READ: UPPER BYTE 

L 

H 

L 

H 

L 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

5 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, Valid Data In 
Upper Byte, High-Z 

5 

WRITE: UPPER 

BYTE (EARLY) 

L 

H 

L 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Valid Data In 

5 

READ-WRITE 

L 

L 

L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1,2,5 

PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

L 

ROW 

COL 

Valid Data Out 

2 

2nd Cycle 

L 

H-L 

H-L 

H 

L 

n/a 

COL 

Valid Data Out 

2 

PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H-L 

L 

X 

ROW 

COL 

Valid Data In 

1,5 

2nd Cycle 

L 

H-L 

H-L 

L 

X 

n/a 

COL 

Valid Data In 

1,5 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Valid Data Out, Data In 

1,2,5 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Valid Data Out, Data In 

1,2,5 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

L 

ROW 

COL 

Valid Data Out 

2 

WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Valid Data In 

1,3,5 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

L 

X 

X 

X 

X 

High-Z 

4 


NOTE: 


1 . These WRITE cycles may also be byte WRITE cycles (either CASL or CASH active). 

2. These READ cycles may also be byte READ cycles (either CASL or CASH active). 

3. EARLY-WRITE only. 

4. Only one of the two CAS must be active (CASL or CASH). 

3. Data in will be dependent on the mask provided (MT4C1 6259 only). Refer to Figure 4. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta (Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

any input (0V < Vin < Vcc, 

all other pins not under test = 0V) 

li 

-2 

2 

HA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

120 

110 

100 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = l PC (MIN)) 

ICC4 

90 

80 

70 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: l RC = *RC (MIN)) 

ICC5 

120 

110 

100 

mA 

3 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

120 

110 

100 

mA 

3 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

l RWC 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


45 


55 


ns 

35 

FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

95 


100 


120 


ns 

35 

Access time from RAS 

t RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


30 

ns 

15, 33 

Output enable time 

l OE 


20 


20 


30 

ns 

33 

Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 

33 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 

40 

RAS precharge time 

*RP 

50 


55 


60 


ns 


CAS pulse width 

•CAS 

20 

100,000 

20 

100,000 

30 

100,000 

ns 

39 

CAS hold time 

^SH 

70 


80 


100 


ns 

32 

CAS precharge time 

'CPU 

10 


10 


10 


ns 

16, 36 

CAS precharge time (PAGE MODE) 

*CP 

10 


10 


10 


ns 

36 

RAS to CAS delay time 

■rcd 

20 

45 

20 

50 

25 

60 

ns 

17,31 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 

32 

Row address set-up time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

t RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address set-up time 

'ASC 

0 


0 


0 


ns 

31 

Column address hold time 

'CAR 

15 


15 


15 


ns 

31 

Column address hold time 
(referenced to RAS) 

>AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAl 

35 


40 


50 


ns 


Read command set-up time 

’RCS 

0 


0 


0 


ns 

26, 31 

Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

19, 26 ,32 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in low-Z 

*CLZ 

0 


0 


0 


ns 

33 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C <T A < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29, 33 

Output disable time 

'OD 


10 


12 


20 

ns 

29, 41 

Write command setup time 

* wcs 

0 


0 


0 


ns 

21, 26, 31 

Write command hold time 

*WCH 

15 


15 


15 


ns 

26, 40 

Write command hold time 
(referenced to RAS) 

•WCR 

50 


55 


65 


ns 

26 

Write command pulse width 

*WP 

10 


10 


15 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

tCWL 

20 


20 


20 


ns 

26, 32 

Data-in setup time 

'DS 

0 


0 


0 


ns 

22, 33 

Data-in hold time 

l DH 

15 


15 


20 


ns 

22, 33 

Data-in hold time 
(referenced to RAS) 

t)HR 

50 


55 


65 


ns 


RAS to WE delay time 

*RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

VWVD 

60 


65 


80 


ns 

21 

CAS to WE delay time 

*CWD 

45 


45 


60 


ns 

21, 31 

Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 


8 

ms 

28 

RAS to CAS precharge time 

t RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5,31 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

tCHR 

10 


10 


10 


ns 

5, 32 

MASKED WRITE command to RAS 
setup time 

l WRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to RAS 
hold time 

l WRH 

15 


15 


15 


ns 

26, 27 

Mask data to RAS setup time 

•MS 

0 


0 


0 


ns 

26, 27 

Mask data to RAS hold time 

•mh 

15 


15 


15 


ns 

26, 27 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

kDEH 

10 


10 


20 


ns 

28 

OE setup prior to RAS during 
hidden refresh cycle 

kDRD 

0 


0 


0 


ns 


Last CAS going low to first CAS to 
return high 

•CLCH 

10 


10 


10 


ns 

34 


NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 


Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 
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NOTES 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the 8ms refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
50pF. 

14. Assumes that *RCD < tRCD (MAX). If 5RCD is greater 
than the maximum recommended value shown in 
this table, TlAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the l RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified l RCD (MAX) limit, then access time is 
controlled exclusively by b CAC. 

18. Operation within the f RAD limit ensures that l RCD 
(MAX) can be met. t RAD (MAX) is specified as a 
reference point only; if l RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. *WCS, 4 RWD, <AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY -WRITE cycles only. If HVCS > fc WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), l AWD > f AWD 
(MIN) and l CWD > tCWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 


read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to Vih) is indeterminate. 

OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE Controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ- 
MODIFY-WRITE operation is not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on the MT4C16256/8. Write 
command is defined as WE going LOW on the 
MT4C16257/9. 

27. MT4C16258/9 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both f OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to 

OE going back LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or YlFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

30. Notes 31 through 41 apply to MT4C16257/9 only (*): 

31. *The first CASx edge to transition low. 

32. *The last CASx edge to transition high. 

33. ^Output parameter (DQx) is referenced to corre- 
sponding CAS input; DQ1-DQ8 by CASL and DQ1- 
DQ8 by CASH. 

34. *Last falling CASx edge to first rising CASx edge. 

35. *Last rising CASx edge to next cycle's last rising CASx 
edge. 

36. *Last rising CASx edge to first falling CASx edge. 

37. *First DQs controlled by the first CASx to go LOW. 

38. *Last DQs controlled by the last CASx to go HIGH. 

39. *Each CASx must meet minimum pulse width. 

40. *Last CASx to go LOW. 

41. *A11 DQs controlled, regardless CASL and CASH 
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EARLY-WRITE CYCLE 



Y/A DON’T CARE 

jjjjjjl UNDEFINED 


NOTE: 1 . Appli es to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRIT E and MASKED WRITE at 
RAS time. The DQ input s are “ don’t care” for a normal WRITE: WE HIG H at R AS ti me. The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE: WE LOW at RAS time. WEL, WEH and DQ 
inputs on MT4C1 6256 and MT4C1 6257 are “don’t care” at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRIT E and MASKED WRITE at 
RAS time. The DQ inputs are “don’t care” for a normal WRITE: WE HIGH at RAS time. The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE: WE LOW at RAS time. WEL, WEH and DQ 
inputs on MT4C16256 and MT4C16257 are “don’t care” at RAS time. 
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FAST PAGE-MODE EARLY-WRITE CYCLE 



FAST PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



Y/K DON'T CARE 
$$} UNDEFINED 


NOTE: 1 . Applies to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRITE and MASKED WRITE at 
RAS time. The DQ inputs are “don’t care” for a normal WRITE: WE HIGH at RAS time. The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE: WE LOW at RAS time. WEL, WEH and DQ 
inputs on MT4C16256 and MT4C16257 are “don’t care” at RAS time. 
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RAS ONLY REFRESH CYCLE 

(ADDR = A q - A 7 ,OE; WEL, WEH or WE = DON’T CARE) 


CASL.CASH Vil 
_2L V 
CAS 


*RAS 

l RP 

i T 

\ 


^RPC ■ 


*ASR . I tRAH 


CAS-BEFORE-MA5 REFRESH CYCLE 

(A 0 - A y ; WEL, WEH or WE, and OE = DON’T CARE) 

» i |ras . I *RP 


CASL,CASH 
— V| H 
CAS V | L 


l RPC , l CSR 



CASL,CASH 
_£L V| H - 
CAS V| L . 


ADDR v|l_ 


HIDDEN REFRESH CYCLE 

( WEL, WEH or WE = HIGH; OE = LOW ) 24 


t t ASR > I ^ { RAH 
ROW 


COLUMN 

1 

*AA 

tRAC 

/CAC 

l CLZ 


(REFRESH) 



| DON’T CARE 
I UNDEFINED 





DYNAMIC RAMS 

DRAM MODULES 
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SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 
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DRAM MODULE PRODUCT 


Memory 

Configuration 

Optional 

Access Cycle 

Part 

Number 

256K x 8 

Fast Page Mode 

MT2D2568 

1 Meg x 8 

Fast Page Mode 

MT8D18 

1 Meg x 8 

Fast Page Mode 

MT2D18 

4 Meg x 8 

Fast Page Mode 

MT8D48 

256K x 9 

Fast Page/Page Mode 

MT3D2569 

1 Meg x 9 

Fast Page Mode 

MT9D19 

1 Meg x 9 

Fast Page Mode 

MT3D19 

4 Meg x 9 

Fast Page Mode 

MT9D49 

256K x 32 

Fast Page Mode 

MT8D25632 

51 2K x 32 

Fast Page Mode 

MT16D51232 

1 Meg x 32 

Fast Page Mode 

MT8D132 

2 Meg x 32 

Fast Page Mode 

MT16D232 

256K x 36 

Fast Page Mode 

MT9D25636 

256K x 36 

Fast Page Mode 

MT10D25636 

51 2K x 36 

Fast Page Mode 

MT18D51236 

51 2K x 36 

Fast Page Mode 

MT20D51236 

1 Meg x 36 

Fast Page Mode 

MT9D136 

2 Meg x 36 

Fast Page Mode 

MT18D236 



Access Power Dissipation Package 

Time (ns) Standby Active SIP SIMM ZIP Process Page 

70, 80,100,120 j 6mW 350mW 30 30 - CMOS 2-1 

70,80,100 24mW 1,400mW 30 30 - CMOS 2-11 

60. 70. 80, 100 1 5mW 450mW 30 30 - CMOS 2-21 

60,70,80 24mW~ 1,800mW 30 30 - CMOS 2-31 

70. 80, 100,120 9mW 625mW 30 30~ - C/NMOS 2-41 

70.80.100 27mW~ 1,575mW 30 30 ~ CMOS ~ 2-51 

70, 80, 100 9mW 625mW 30 30 - CMOS 2-61 

60, 70, 80 27mW 2,025mW 30 30 : CMOS 2-71 

70, 80, 85,100 24mW 1 ,400mW - 12 ~ 72 CMOS 2-81 

70, 80, 85, 100 48mW 2,800mW - 72 72 ~ CMOS 2-91 

70, 80, 100 24mW 1 ,800mW - 72 72 CMOS 2-101 

70, 80, 100 48mW 3,600mW - 72 72 CMOS 2-111 

70. 80. 85.100 27mW 1,515mW - 72 72 CMOS 2-121 

70, 80, 85,100 30mW 1,750mW - 72 72 CMOS 2-131 

70. 80. 85.100 54mW 3,150mW - 72 72~ CMOS 2-141 

70, 80, 85,100 60 mW 1 ,780mW - 72 72 CMOS 2-151 

70. 80. 100 27mW 2,175mW - 72 72 CMOS 2-161 

70, 80, 100 54mW 4,500mW - 72 72 CMOS 2-171 





MIC=RON 

■ TECHNOLOGY, INC. 


MT2D2568 


(REPLACES: MT8C8256 ) 

DRAM 256 K x 8 DRAM 

MODULE FAST PAGE MODE 



FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• Low power, 6m W standby; 350m W active, typical 

• All inputs, outputs and clocks are fully TTL and CMOS 
compatible 

• Optional FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, OS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 
120ns access 


MARKING 

- 7 

- 8 
-10 
-12 


• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT2D2568 is a randomly accessed solid-state mem- 
ory containing 262,144 words organized in a x8 configura- 
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (A 0 -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data-in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. EARLY- WRITE occurs 
when WE goes LOW prior to CAS going LOW, and the 
output pins remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 



defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address stro bed-in by R AS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 


MT2D2568 
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RAS 

CAS 

WE 



Vcc 


Vss 


TRUTH TABLE 


Function 

Standby 

READ 

EARLYWRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAg-ONLY REFRESH 
HIDDEN 

REFRESH " 

CA5-BEFORE-RAS 

REFRESH 


1st Cycle 
2nd Cycle 
1 st Cycle 
2nd Cycle 


READ 

WRITE 


ms 

H 

L 

L 

L 

L 

L 

L 

L 


L-H-L 


L-H-L 


H-L 










MICRON 

® TECHNOLOGY, INC. 


MT2D2568 


(REPLACES: MT8C8256 ) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the hmm 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 

Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CON DITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,22 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

A0-A8, RAS, CAS, WE 

h 

-4 

4 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-8 

loz 

-12 

12 

HA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

-12 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

Icci 

4 

4 

4 

4 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

2 

2 

2 

2 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

ICC3 

160 

140 

120 

100 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling; 'PC = 'PC (MIN)) 

ICC4 

120 

100 

80 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; 'RC = 'RC (MIN)) 

ICC5 

160 

140 

120 

100 

mA 

3,4 

REFRESH CURRENT: CAS-BEFORE-RAS 

ICC6 

160 

140 

120 

100 

mA 

3,4 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


10 

PF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


14 

PF 

18 

Input/Output Capacitance: DQ 

Cio 


14 

pF 

18 
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MT2D2568 


(REPLACES: MT8C8256 ) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T.< +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


220 


ns 


READ-WRITE cycle time 

X R\NC 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

‘PC 

40 


45 


55 


70 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Access time from RAS 

l RAC 


70 


80 


100 


120 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


25 


30 

ns 

15 

Output Enable 

x OE 


20 


20 


25 


30 

ns 


Access time from column address 

X AA 


35 


40 


50 


60 

ns 


Access time from CAS precharge 

X CPA 


35 


40 


50 


65 

ns 


RAS pulse width 

X RAS 

70 

1 00,000 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

X RASP 

70 

100,000 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

*RSH 

20 


20 


25 


30 


ns 


RAS precharge time 

X RP 

50 


60 


70 


90 


ns 


CAS pulse width 

•CAS 

20 

100,000 

20 

100,000 

25 

100,000 

30 

100,000 

ns 


CAS hold time 

‘CSH 

70 


80 


100 


120 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


15 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

25 

90 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


10 


ns 


Row address setup time 

‘ASR 

0 


0 


0 


0 


ns 


Row address hold time 

‘RAH 

10 


10 


15 


15 


ns 


RAS to column 
address delay time 

‘RAD 

15 

35 

15 

40 

20 

50 

20 

60 

ns 

18 

Column address setup time 

‘ASC 

0 


0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

55 


60 


70 


85 


ns 


Column address to 

RAS lead time 

X RAL 

35 


40 


50 


60 


ns 


Read command setup time 

‘RCS 

0 


0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

*RCH 

0 


0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

‘RRH 

0 


0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


0 


ns 
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* TECHNOLOGY, INC. 


MT2D2568 


(REPLACES: MT8C8256 ) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

! OFF 

0 

20 

0 

20 

0 

20 

0 

35 

ns 

20 

Output Disable 

>OD 


20 


20 


20 


20 

ns 


WE command setup time 

*WCS 

0 


0 


0 


0 


ns 


Write command hold time 

*WCH 

15 


15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


85 


ns 


Write command pulse width 

X \NP 

15 


15 


20 


25 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


30 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


30 


ns 


Data-in setup time 

'DS 

0 


0 


0 


0 


ns 


Data-in hold time 

>DH 

15 


15 


20 


25 


ns 


Data-in hold time 
(referenced to RAS) 

X DHR 

55 


60 


75 


90 


ns 


RAS to WE delay time 

X R\ND 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Column address 
to WE delay time 

X A\ND 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

CAS to WE delay time 

f CWD 

n/a 


n/a 


na 


n/a 


n/a 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

X REF 


8 


8 


8 


8 

ms 

20 

RAS to CAS precharge time 

•RPC 

0 


0 


0 


0 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

*CSR 

10 


10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

X CHR 

15 


15 


15 


15 


ns 

19 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

x OER 

n/a 


n/a 


n/a 


n/a 


n/a 

21 
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MT2D2568 


(REPLACES: MT8C8256 ) 


NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by kTAC. 

14. t RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for *CP. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE- WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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, t tRCS^ 


tRCH-^ 

J 

— 

Ij^tRCS 

tRCH 

J 

! — 

n-'Rcs 


• tRCH 

* 



WJi 

rn 



W////) 

F 



MZ 



FAST-PAGE-MODE EARLY-WRITE CYCLE 




*PC 1 

i l CRP 

l RCD 


l CAS 





CAS v|f 


b 



ADDR v|l 


< t ASR > | ^RAH^ 
ROW 


COLUMN 

1 { CWL 

m tWCH 

t W p 


^ COLUMN 

t I { CWL 

t WCS > %CH 

t W p 


*R 

SH 

' k; 

US 



/CAI- 

H , 


wM \ 


l COLUMN 

, 

*wcs r *w 
t w 
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MT8D18 


(REPLACES: MT8C8024) 


DRAM 

MODULE 


1 MEG x 8 DRAM 


FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance CMOS silicon gate process 

• Single 5V ±10% power supply 

• Low power, 24mW standby; 1400mW active, typical 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 


MARKING 

- 7 

- 8 
-10 


• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT8D18 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR IT E cycl e, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. Early 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 



defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycles (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A9) are executed at least every 8ms, 
regardless of sequence. 


MT8D18 
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FUNCTIONAL BLOCK DIAGRAM 


TRUTH TABLE 



Function 

RAC 

CM 

WE 

Addresses 

D0 1-8 

t R 

‘A 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H— L 

L 

X 

X 

X 

High Impedance 
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MT8D18 


(REPLACES: MT8C8024) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 25 

INPUT LEAKAGE: 

Any Input 0V < Vin < Vcc, 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

HA 


A0-A9, RAS, WE 

ll 

-16 

16 

ma 


OUTPUT LEAKAGE: 

(Q is disabled, 0V < Vout < Vcc) 

Q9 

loz 

-10 

10 

pA 


DQ1-8 

loz 

-12 

12 

\xA 


OUTPUT LEVELS 

Output HighVoltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: TTL input levels 
(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling; ‘RC = 'RC (MIN)) 

ICC3 

640 

560 

480 

mA 

3, 4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling; 'PC = 'PC (MIN)) 

ICC4 

480 

400 

320 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; 'RC = 'RC (MIN)) 

ICC5 

640 

560 

480 

mA 

3, 4 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling; *RC = 'RC (MIN)) 

ICC6 

640 

560 

480 

mA 

3,4 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


45 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


63 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

PF 

2 
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MT8D18 


(REPLACES: MT8C8024) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

•rc 

130 


150 


180 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE 

READ or WRITE cycle time 

<PC 

40 


40 


55 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

X CAC 


20 


20 


25 

ns 

15 

Access time from column address 

l AA 


35 


40 


50 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


50 

ns 


RAS pulse width 

l RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

*CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

60 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

«CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

'RAD 

15 

40 

15 

40 

20 

50 

ns 

18 

Column address setup time 

X ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

t RAL 

35 


40 


50 


ns 


Read command setup time 

l RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 

i 

0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 
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MT8D18 


(REPLACES: MT8C8024) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A < 75°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

' wcs 

0 


0 


0 


ns 


Write command hold time 

<WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

! WCR 

55 


60 


75 


ns 


Write command pulse width 

'\NP 

15 


15 


20 


ns 


Write command to RAS lead time 

t RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

k:wL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

21 

Data-in hold time 

'DR 

15 


15 


20 


ns 

21 

Data-in hold time 
(referenced to RAS) 

•dhr 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

n/a 


n/a 


n/a 


n/a 

25 

Column address 
to WE delay time 

VWVD 

n/a 


n/a 


n/a 


n/a 

25 

CAS to WE delay time 

*CWD 

n/a 


n/a 


n/a 


n/a 

25 

Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RA5 REFRESH) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

^HR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

n/a 


n/a 


n/a 


n/a 

25 
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MT8D18 


(REPLACES: MT8C8024) 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V 

and Vcc = 5 V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOgs is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that t RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 


15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for RlPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the 4 RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified 4 RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ- WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1 .5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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MT2D18 


DRAM 1 MEG x 8 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin, single-in-line 
memory module 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• Low power, 5mW standby; 450mW active, typical 

• All inputs, outputs and clocks are fully TTL and CMOS 
compatible 

• Optional FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Leadless 30-pin SIMM 

M 

Leaded 30-pin SIP 

N 


GENERAL DESCRIPTION 

The MT2D18 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR ITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. Early 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 


PIN ASSIGNMENT (Top View) 


30-Pin SIMM 

( 1 - 1 ) 



30-Pin SIP 

(H-1) 



defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column a ddres ses, t hus ex ecuting faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 


MT2D18 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 


A0-A9 » 

DQ1-DQ4 I 


RAS 

CAS 

WE 

OE U2 

A0-A9 ^ 

DQ1-DQ4 | 


U1, U2 = MT4C4001DJ 


TRUTH TABLE 


Addresses 


Function 

RAS 

CA5 

We 

l R 

X C 

DQ1-8 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Valid Data Out 

READ 

2nd Cycle 

L 

H-*L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

WRITE 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

READ 

LHH-L 

L 

H 

ROW 

COL 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 





MICRON 
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MT2D18 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta( A mbient) 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

A0-A9, RAS, CAS, WE 

ll 

-4 

4 

HA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8 

loz 

-12 

12 

ma 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

Icci 

4 

4 

4 

4 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

2 

2 

2 

2 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling; *RC = 'RC (MIN)) 

ICC3 

220 

200 

180 

160 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling; 'PC = 'PC (MIN)) 

ICC4 

160 

140 

120 

100 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; 'RC = 'RC (MIN)) 

ICC5 

220 

200 

180 

160 

mA 

3,4 

REFRESH CURRENT: CAS-BEFORE-RAS 

ICC6 

220 

200 

180 

160 

mA 

3,4 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


10 

pF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


14 

PF 

18 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

•rc 

110 


130 


150 


180 


ns 


READ-WRITE cycle time 

tRWC 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

{ PC 

40 


40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Access time from RAS 

'RAC 


60 


70 


80 


100 

ns 

14 

Access time from CAS 

l CAC 


15 


20 


20 


25 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 


50 

ns 


Access time from CAS precharge 

X CPA 


40 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

‘RSH 

15 


20 


20 


25 


ns 


RAS precharge time 

l RP 

45 


50 


60 


70 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


10 


ns 


RAS to CAS delay time 

X RCD 

15 

45 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


15 


ns 


RAS to column 
address delay time 

*RAD 

15 

30 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

50 


55 


60 


70 


ns 


Column address to 

RAS lead time 

X RAL 

30 


35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•off 

0 

20 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

twcs 

0 


0 


0 


0 


ns 


Write command hold time 

tWCH 

10 


15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


70 


ns 


Write command pulse width 

tWP 

10 


15 


15 


20 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


25 


ns 


Write command to CAS lead time 

! CWL 

15 


20 


20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


0 


0 


ns 


Data-in hold time 

X DH 

10 


15 


15 


20 


ns 


Data-in hold time 
(referenced to RAS) 

X DHR 

45 


55 


60 


70 


ns 


RAS to WE delay time 

*RWD 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Column address 
to WE delay time 

X A\ND 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

CAS to WE delay time 

X C\ND 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

X REF 


16 


16 


16 


16 

ms 

20 

RAS to CAS precharge time 

X RPC 

0 


0 


0 


0 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


15 


ns 

19 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

n/a 


n/a 


n/a 


n/a 


n/a 

21 
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NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume 'T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T^ < 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, i RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that tRCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 


13. Operation within the *RCD (MAX) limit ensures that 
4 RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if 'RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

14. *RCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tP. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or RE AD-MODIFY - 
WRITE cycles are not available due to OE being 
grounded on U1 and U2. 
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MT8D48 


DRAM 

MODULE 


4 MEG x 8 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance CMOS silicon gate process 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 24mW standby; l,800mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS^ and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

-6 

-7 

-8 


• Packages 

Leadless 30 -pin SIMM M 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT8D48 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x8 configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 22 address bits which are entered 11 
bits (A0-A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode, while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. EARLY -WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the ouput remains open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 



followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 

operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0 -A1 0) are executed at least every 1 6ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


Function 

Mg 



WE 

Addresses 

DQ1-8 

Mg9 


l A 

Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-*L 

H-L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE- 

RAg REFRESH 

Standard 

H-L 

L 

L 

X 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- BHBB 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5 V 
(All other pins not under test = 0V) 

A0-A10, WE, CAS, RAS 

ll 

-16 

16 

rA 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

DQ1-DQ8 

loz 

-12 

12 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

880 

800 

720 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = X PC (MIN)) 

ICC4 

640 

560 

480 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: x RC = t RC (MIN)) 

ICC5 

880 

800 

720 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = X RC (MIN)) 

ICC6 

880 

800 

720 

i 

mA 

3 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


45 

pF 

2 

Input Capacitance: RAS, WE 

Cl2 


63 

PF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 

Input Capacitance: D 

Cl3 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 



A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE READ 
or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


40 


40 


45 

ns 

25 

RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

X RP 

45 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

•asr 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

tWCS 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6,7,8,9,10,11,12,13) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

! WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

{ \NP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 

*dh 

10 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

T)HR 

45 


55 


60 


ns 


RAS to WE delay time 

t RWD 

n/a 


n/a 


n/a 


n/a 

24 

Column address 
to WE delay time 

*AWD 

n/a 


n/a 


n/a 


n/a 

24 

CAS to WE delay time 

*CWD 

n/a 


n/a 


n/a 


n/a 

24 

Transition time (rise or fall) 

n- 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

! REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

tCSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

5 
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NOTES 



1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that l RCD < *RCD (MAX). If tRCD is greater 


than the maximum recommended value shown in this 
table, fc RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

18. Operation within the tRAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW, 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or RE AD-MODIFY - 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 
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MT3D2569 

(REPLACES: MT8C9256 and MT8C9257) 

DRAM 

MODULE 

256 K x 9 DRAM 

FAST PAGE MODE/PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• Low power, 9mW standby; 625mW active, typical 

• All inputs, outputs and clocks are fully TTL and CMOS 
compatible 

• Optional FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 
120ns access 


MARKING 

- 7 

- 8 
-10 
-12 


• Access Mode 

FAST PAGE MODE P 

PAGE MODE NONE 

• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT3D2569 is a randomly accessed solid-state mem- 
ory containing 262,144 words organized in a x9 configura- 
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 
nine bits (A0 -A8) at a time. RAS is used to latch the first nine 
bits and CAS the latter nine bits. A READ or WRITE cycle 
is selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occ urs la st. EARLY- 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 


PIN ASSIGNMENT (Top View) 


30-Pin SIMM 

( 1 - 2 ) 


30-Pin SIP 

(H-2) 




defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 


MT3D2569 
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(REPLACES: MT8C9256 and MT8C9257) 



FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


Function 

RAS 

CAE 


WE 

Addresses 

DQ1-8, D9, Q9 

C£39 

*R 

'c 

Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Valid Data In 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Valid Data Out 

PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAE 

REFRESH 

H-*L 

L 

L 

X 

X 

X 

High Impedance 
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(REPLACES: MT8C9256 and MT8C9257) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Power Dissipation 3W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc = 5.0V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 22 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc, 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A8, RAS, WE 

ll 

-6 

6 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

Q9 

loz 

-10 

10 

pA 


DQ1-DQ8 

loz 

-12 

12 

pA 


OUTPUT LEVELS 

Output High (Logic 1 ) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

-12 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

Icci 

6 

6 

6 

6 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

3 

3 

3 

3 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

ICC3 

240 

210 

180 

150 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling; 'PC = 'PC (MIN)) 

ICC4 

180 

150 

120 

90 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; 'RC = 'RC (MIN)) 

ICC5 

240 

210 

180 

150 

mA 

3,4 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

ICC6 

240 

210 

180 

150 

mA 

3,4 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


15 

pF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


27 

pF 

18 

Input Capacitance: D 

Cl3 


7 

PF 

18 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

18 

Output Capacitance: Q 

Co 


7 

pF 

18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


220 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

tPC 

40 


45 


55 


70 


ns 


PAGE-MODE READ or WRITE 
cycle time 

'PC 

n/a 


n/a 


90 


100 


ns 


Access time from RAS 

'RAC 


70 


80 


100 


120 

ns 

14 

Access time from CAS (FAST PAGE MODE) 

'CAC 


20 


20 


25 


30 

ns 

15 

Access time from CAS (PAGE MODE) 

'CAC 


n/a 


n/a 


50 


60 

ns 


Output Enable 

'OE 


20 


20 


25 


30 

ns 


Access time from column address 

l AA 


35 


40 


50 


60 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


50 


65 

ns 


RAS pulse width 

X RAS 

70 

100,000 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


30 


ns 


RAS precharge time 

*RP 

50 


60 


70 


90 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


120 


ns 


CAS precharge time 

l CPH 

10 


10 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


15 


ns 


CAS precharge time (PAGE MODE) 

'CP 

n/a 


n/a 


30 


30 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

25 

90 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


10 


ns 


Row address setup time 

^ASR 

0 


n 

\j 


0 


0 


ns 


Row address hold time 

‘RAH 

10 


10 


15 


15 


ns 


RAS to column 
address delay time 

'RAD 

15 

35 

15 

40 

20 

50 

20 

60 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

55 


60 


70 


85 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


60 


ns 


Read command setup time 

'RCS 

0 


0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

*RCH 

0 


0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


0 


ns 
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MT3D2569 


(REPLACES: MT8C9256 and MT8C9257) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T^< +70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

0 

35 

ns 

20 

Output Disable 

x OD 


20 


20 


20 


20 

ns 


WE command setup time 

* wcs 

0 


0 


0 


0 


ns 


Write command hold time 

<WCH 

15 


15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


85 


ns 


Write command pulse width 

'WP 

15 


15 


20 


25 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


30 


ns 


Write command to CAS lead time 

X C\NL 

20 


20 


25 


30 


ns 


Data-in setup time 

f DS 

0 


0 


0 


0 


ns 


Data-in hold time 

l DH 

15 


15 


20 


25 


ns 


Data-in hold time 
(referenced to RAS) 

X DHR 

55 


60 


75 


90 


ns 


RAS to WE delay time 

<RWD 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Column address 
to WE delay time 

*AWD 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

CAS to WE delay time 

*CWD 

n/a 


n/a 


n/a 


n/a 


n/a 

21 

Transition time (rise or fall) 

*t 

3 

50 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

*REF 


8 


8 


8 


8 

ms 

20 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


0 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

•CSR 

10 


10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

X CHR 

15 


15 


15 


15 


ns 

19 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

n/a 


n/a 


n/a 


n/a 


n/a 

21 
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(REPLACES: MT8C9256 and MT8C9257) 


NOTES 



1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that tRCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that fc RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by kZAC. 

14. fc RCH is referenced to the first rising edge of RAS or 
CM. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

a nd Vc c = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for t CP. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ- WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 andU2. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 


2-46 




MT3D2569 






MICRON 

I TECHNOLOGY, INC. 


MT3D2569 



| DRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT3D2569 


(REPLACES: MT8C9256 and MT8C9257) 


2-50 



MICRON 

H TECHNOLOGY, INC. 


MT9D19 


(REPLACES: MT8C9024) 

DRAM 1 MEG x 9 DRAM 


MODULE 


FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 27mW standby; l,575mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 30 -pin SIMM M 

Leadless 30 -pin SIMM (Gold) G 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT9D19 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through the 20 ad dress bits, which are entered 1 0 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W RI TE cy cle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY- 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
and t he output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 



defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-i n by R AS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A9) are executed at least every 8ms, 
regardless of sequence. 


MT9D19 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 



U1-U9 = MT4C1024DJ 


TRUTH TABLE 


Addresses 


Function 

RAS 

CAJj 

CAS9 

We 

*R 


DQ1-8, D9, Q9 

Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

1 st Cycle 

L 

H->L 

H-L 

H 

ROW 

COL 

Valid Data Out 

READ 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Valid Data In 

WRITE 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

L 

X 

X 

X 

High Impedance 






MT9D19 


(REPLACES: MT8C9024) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied . 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,25 

INPUT LEAKAGE: 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

nA 


A0-A9, RAS, WE 

l! 

-18 

18 

pA 


OUTPUT LEAKAGE: 

(Q is disabled, 0V < Vout < Vcc) 

Q9 

loz 

-10 

10 

hA 


DQ1-8 

loz 

-12 

12 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

loci 

18 

18 

18 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 


OPERATING CURRENT: 

(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

ICC3 

720 

630 

540 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling; ‘PC = ‘PC (MIN)) 

ICC4 

540 

450 

360 

mA 

3,4 

REFRESH CURRENT: RA5-ONLY 

(RAS = Cycling; CAS = Vih; *RC = 'RC (MIN)) 

ICC5 

720 

630 

540 

mA 

3, 4 

REFRESH CURRENT; CAS-BEFORE-RAS 
(RAS and CAS = Cycling; ‘RC = 'RC (MIN)) 

ICC6 

720 

630 

540 

mA 

3,4 
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(REPLACES: MT8C9024) 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


45 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


63 

PF 

2 

Input Capacitance: D 

Cl3 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A <70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

’RWC 

n/a 


n/a 


n/a 


n/a 

25 

FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


40 


55 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

n/a 


n/a 


n/a 


n/a 

25 

Access time from RAS 

t RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

*CAC 


20 


20 


25 

ns 

15 

Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


50 

ns 


RAS pulse width 

’RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

’RP 

50 


60 


70 


ns 


CAS pulse width 

^AS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

’CSH 

70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

60 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

’ASR 

0 


0 


0 


ns 


Row address hold time 

’RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

’RAD 

15 

40 

15 

40 

20 

50 

ns 

18 

Column address setup time 

’ASC 

0 


0 


0 


ns 


Column address hold time 

’CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

’AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

X RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

’RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

’RRH 

0 


0 


0 


ns 

19 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < < 75°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

WCS 

0 


0 


0 


ns 


Write command hold time 

WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

WCR 

55 


60 


75 


ns 


Write command pulse width 

WP 

15 


15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

^WL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

21 

Data-in hold time 

T)H 

15 


15 


20 


ns 

21 

Data-in hold time 
(referenced to RAS) 

toHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

n/a 


n/a 


n/a 


n/a 

24 

Column address 
to WE delay time 

VWVD 

n/a 


n/a 


n/a 


n/a 

24 

CAS to WE delay time 

*CWD 

n/a 


n/a 


n/a 


n/a 

24 

Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

! CHR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

x OEH 

n/a 


n/a 


n/a 


n/a 

24 
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(REPLACES: MT8C9024) 


NOTES 



1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. Assumes that fc RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the fc RCD (MAX) limit ensures that 
t RAC (MAX) can be met. fc RCD (MAX) is specified as 
a reference point only; if k RCD is greater than the 
specified fc RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if k RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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MT3D19 


DRAM 1 MEG x 9 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• Low power, 9mW standby; 625mW active, typical 

• All inputs, outputs and clocks are fully TTL and CMOS 
compatible 

• Optional FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS; and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 30-pin SIMM M 

Leadless 30-pin SIMM (Gold) G 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT3D19 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CA S, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 



defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 


MT3D19 
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FUNCTIONAL BLOCK DIAGRAM 



U1 -U2 = MT4C4001 DJ 
U3 = MT4C1024DJ 


TRUTH TABLE 


Addresses 


Function 

RA5 

CAS 

€A59 

WE 

l R 

l C 

DQ1-8, D9, Q9 

Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

1 st Cycle 

L 

H->L 

H-L 

H 

ROW 

COL 

Valid Data Out 

READ 

2nd Cycle 

L 

H->L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

1 st Cycle 

L 

H->L 

H-L 

L 

ROW 

COL 

Valid Data In 

WRITE 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 


H-L 

L 

L 

X 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Power Dissipation 3W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A9, RAS, WE 

h 

-6 

6 

jjA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

Q9 

loz 

-10 

10 

\iA 


DQ1-DQ8 

loz 

-12 

12 

HA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

loci 

6 

6 

6 

mA 


STANDBY CURRENT: CMOS input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

3 

3 

3 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC3 

280 

250 

220 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling; 'PC = 'PC (MIN)) 

ICC4 

200 

170 

140 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; *RC = 'RC (MIN)) 

ICC5 

280 

250 

220 

mA 

3,4 

REFRESH CURRENT: CAS-BEFORE-RA5 
(RAS and CAS = Cycling; 'RC ='RC (MIN)) 

ICC6 

280 

250 

220 

mA 

3,4 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


15 

PF 

18 

Input Capacitance: RAS, CAS, WE 

Cl2 


21 

pF 

18 

Input Capacitance: D 

Cl3 


7 

PF 

18 

Input/Output Capacitance: DQ 

Ci/o 


7 

PF 

18 

Output Capacitance: Q 

Co 


7 

pF 

18 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C <T A < +70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

’RWC 

n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

t PRWC 

n/a 


n/a 


n/a 


n/a 

21 

Access time from RAS 

l RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Access time from column address 

l AA 


35 


40 


50 

ns 


Access time from CAS precharge 

<CPA 


40 


45 


50 

ns 


RAS pulse width 

•RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

*RSH 

20 


20 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

’CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

’CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'PCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

’ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

‘RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

•AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

’RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T ft < +70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

n/vcs 

0 


0 


0 


ns 


Write command hold time 

'WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

'WCR 

55 


60 


70 


ns 


Write command pulse width 

tWP 

15 


15 


20 


ns 


Write command to RAS lead time 

! rwl 

20 


20 


25 


ns 


Write command to CAS lead time 

tCWL 

20 


20 


25 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 


Data-in hold time 

l DH 

15 


15 


20 


ns 


Data-in hold time 
(referenced to RAS) 

t DHR 

55 


60 


70 


ns 


RAS to WE delay time 

t RWD 

n/a 


n/a 


n/a 


n/a 

21 

Column address 
to WE delay time 

l AWD 

n/a 


n/a 


n/a 


n/a 

21 

CAS to WE delay time 

•CWD 

n/a 


n/a 


n/a 


n/a 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (1 ,024 cycles) 

*REF 


16 


16 


16 

ms 

20 

RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 

19 

CAS setup time 

(CAS- B E FO R E- RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

<CHR 

15 


15 


15 


ns 

19 

OE hold time from WE during 

READ-MODIFY-WRITE cycle 

kDEH 

n/a 


n/a 


n/a 


n/a 

21 



2-65 


DRAM MODULE 




DRAM MODULE 


MICRON 

I TECHNOLOGY, INC. 


MT3D19 


NOTES 



1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of IOOjis is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that t RCD < tRCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > tRCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 


achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

14. t RCH is referenced to the first rising edge of RAS or 
CAS! 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tCP. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 and u T 2. 
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MT9D49 


DRAM 4 MEG x 9 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance, CMOS silicon gate process 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 27mW standby; 2,025mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 30 -pin SIMM M 

Leadless 30 -pin SIMM (Gold) G 

Leaded 30-pin SIP N 


GENERAL DESCRIPTION 

The MT9D49 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 22 address bits which are entered 11 
bits (A0-A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W RITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle, EARLY WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the ouput remains open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 



followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0 -A10) are executed at least every 16ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


Function 

RAS 

CAS 


We 

Addresses 

DQ1-8, D9, Q9 

CAS9 

X R 

l A 

Standby 

H 

X 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

Standard 

H-L 

L 

L 

X 

! 

X 

X 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5V 
(All other pins not under test = 0V) 

A9, CAS9 

ll 

-2 

2 

HA 


A0-A10, WE, CAS, RAS 

h 

-18 

18 

HA 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

Q9 

loz 

-10 

10 

PA 


DQ1-DQ8 

loz 

-12 

12 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

990 

900 

810 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

720 

630 

540 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: x RC = X RC (MIN)) 

ICC5 

990 

900 

810 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

990 

900 

810 

mA 

3 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


45 

pF 

2 

Input Capacitance: RAS, WE 

Cl2 


63 

pF 

2 

Input Capacitance: D9 

Cl3 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

2 

Output Capacitance: Q9 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE READ 
or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

T>RWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

X CPA 


40 


40 


45 

ns 

25 

RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

45 


50 


60 


ns 


CAS pulse width 

*CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

•CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

X HAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

•ASC 

0 


0 


. 0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

' wcs 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-6 

- 7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

•WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

*WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 

>DH 

10 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

•DHR 

45 


55 


60 


ns 


RAS to WE delay time 

>RWD 

n/a 


n/a 


n/a 


n/a 

24 

Column address 
to WE delay time 

>AWD 

n/a 


n/a 


n/a 


n/a 

24 

CAS to WE delay time 

•CWD 

n/a 


n/a 


n/a 


n/a 

24 

Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

•ref 


16 


16 


16 

ms 


RAS to CAS precharge time 

•RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

•CSR 

10 


10 

! 

10 


ns 

5 

CAS hold time 

(CAS-BEFORE-TO5 REFRESH) 

! chr 

15 


15 


15 


ns 

5 
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NOTES 



1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 


table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > <RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for TOPN. 

17. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by 4 CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified 4 RAD (MAX) limit, then access time is 
controlled exclusively by TAA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. TOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 
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MT8D25632 


DRAM 256K x 32 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 24mW standby; l,400mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

85ns access -85 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT8D25632 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x32 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through t he 18 a ddress bits which are 
entered 9 bits (A0 -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 


72-Pin SIMM (1-5) 

MT8D25632M/G 

0 

1 

O 


1 36 37 

72-Pin ZIP (J-4) 

72 

MT8D25632Z 

O 

1 36 37 

72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CAS0 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

CAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAS3~ 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RAS0 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WE 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ8 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

RAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 


MT8D25632 
REV. 1/91 
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U1-U8 = MT4C4256DJ 
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TRUTH TABLE 


Function 

RA5 

CAS 

WE 

Addresses 

DQ1-32 

*R 

l C 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-85 

-10 

PRD1 

NC 

VSS 

VSS 

vss 

PRD2 

NC 

NC 

NC 

NC 

PRD3 

VSS 

VSS 

NC 

VSS 

PRD4 

VSS 

NC 

i 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 22 

INPUT LEAKAGE CURRENT 

Any input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-16 

16 

UA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-12 

12 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

640 

560 

480 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

480 

400 

320 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

16 

16 

16 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

8 

8 

8 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

640 

560 

480 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

640 

560 

480 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


40 

pF 

17 

Input Capacitance: WE 

Cl2 


56 

PF 

17 

Input Capacitance: RAS0 

Cl3 


28 

PF 

17 

Input Capacitance: CAS0-CAS3 

Cl4 


14 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


7 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 1 0, 1 1 , 1 6, 1 7) (0°C < < 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

in 

op 

op 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

*PC 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

•RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

•CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

•CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

•CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

•CP 

10 


10 


10 


ns 


RAS to CAS delay time 

•RCD 

20 

40 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


15 


ns 


Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

•CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

*AR 

55 


60 


70 


ns 


Read command setup time 

•RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

l RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

l RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

•off 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

*wcs 

0 


0 


0 


ns 


Write command hold time 

•WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

•WCR 

55 


60 


75 


ns 


Write command pulse width 

tWP 

15 


15 


20 


ns 


Write command to RAS lead time 

! RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


25 


ns 


Data-in setup time 

tis 

0 


0 


0 


ns 

15 

Data-in hold time 

t>H 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

•DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

*REF 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-before-RAS REFRESH) 

*CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

*CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 

19 
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NOTES 



1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

9. A ssum es that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. *RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V 

and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U8. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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MT16D51232 


DRAM 51 2K x 32 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 48mW standby; 2,800mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

85ns access 

-85 

100ns access 

-10 

• Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

Leaded 72-pin ZIP 

Z 


GENERAL DESCRIPTION 

The MT16D51232 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x32 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through t he 18 a ddress bits which are 
entered 9 bits (A O -A8) at a time. RAS is used to latch the first 
9 bits and CAS th e lat ter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-6) 


MT1 6D51 232M/G 

0 

1 

O 

n ni rnim rTnmTmnmnnm ' . n i rrn n tie ; rrmi nm m rm i m ; 

1 36 37 

72 

72-Pin ZIP (J-5) 


MT16D51232Z 

O 

O 

1 36 37 

iffllffllffllf 

72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

HASH" 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

HAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

HAST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

HAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

■RASH - 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

HAST 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WF 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

HAST 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

HAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE- 
MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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TRUTH TABLE 


Function 

RAS 

CAS 

WE 

Addresses 

DQ1-32 

l R 

l c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H— L— H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H—L— H 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE- 

REFRESH 

RAS 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-85 

-10 

PRD1 

VSS 

NC 

NC 

NC 

PRD2 

VSS 

VSS 

VSS 

VSS 

PRD3 

NC 

VSS 

NC 

VSS 

PRD4 

NC 

NC 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 16W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1, 22 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-32 

32 

jjA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-32 

loz 

-24 

24 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

■8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: ‘RC = 'RC (MIN)) 

Icci 

656 

576 

496 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

496 

416 

336 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

32 

32 

32 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2 V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

16 

16 

16 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

656 

576 

496 

mA 

2 

REFRESH CURRENT : CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

656 

576 

496 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


80 

PF 

17 

Input Capacitance: WE 

Cl2 


112 

pF 

17 

Input Capacitance: CAS0-CAS3, RAS0-RAS3 

Cl4 


28 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


14 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11 , 16, 17) (0°C <T A < 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8, 85 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

*pc 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

*RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7, 9 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

>CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

<CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

tCRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


15 


ns 


Column address setup time 

^SC 

0 


0 


0 


ns 


Column address hold time 

*CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

l AR 

55 


60 


70 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

t RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

tRRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

l WCS 

0 


0 


0 


ns 


Write command hold time 

l WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

l WCR 

55 


60 


75 


ns 


Write command pulse width 

l WP 

15 


15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

X C\NL 

20 


20 


25 


ns 


Data-in setup time 

<DS 

0 


0 


0 


ns 

15 

Data-in hold time 

>DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

*DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

'REF 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-before-RAS REFRESH) 

tCHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

! CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 

19 
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NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < tRCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssum es that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
l RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified fc RCD (MAX) limit, then access time is 
controlled exclusively by kTAC. 

14. t RCH is referenced to the first rising edge of RAS or 
CAS! 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V 

and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, 

CAS must be pulsed HIGFI for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or RE AD-MODIFY - 
WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
riot more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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MT8D132 


DRAM 

MODULE 


1 MEG x 32 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 24mW standby; l,800mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT8D132 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x32 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress bits which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or W RITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 


72-Pin SIMM (1-5) 


MT8D132M/G 

O 

O 

i rnmmmmmnmmTmmmi ~ imminmnimnimnimmiTi i 

1 36 37 

72-Pin ZIP (J-4) 

72 

MT8D132Z 

O 

1 36 37 

72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CAST 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

CAS2" 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

TAS3~ 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RAST 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WF 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

RA§2" 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 
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TRUTH TABLE 


Function 

RA5 

CA5 

WE 

Addresses 

DQ1-32 

l R 

x c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L— H—L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-*L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-10 

PRD1 

NC 

VSS 

NC 

PRD2 

VSS 

vss 

NC 

PRD3 

VSS 

NC 

NC 

PRD4 

NC 

VSS 

NC 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-16 

16 

HA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-12 

12 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

800 

720 

640 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

560 

480 

400 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles MIN) 

ICC3 

16 

16 

16 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2 V 

after 8 RAS cycles MIN All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

8 

8 

8 

mA 


REFRESH CURRENT: RA5-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

800 

720 

640 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

800 

720 

640 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


40 

PF 

17 

Input Capacitance: WE 

Cl2 


56 

PF 

17 

Input Capacitance: RAS0, RAS2 

Cl3 


28 

PF 

17 

Input Capacitance: CAS0, CAS0, CAS2, CAS3 

Cl4 


14 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


7 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 16, 17) (0°C <T A <70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

.... __ -8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

•pc 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

*RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

f RSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

X CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

•CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

50 

25 

75 

ns 

13 

CAS to RAS setup time 

'CRP 

5 


5 


20 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

'AR 

55 


60 


70 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

'RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

'RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

A/VCS 

0 


0 


0 


ns 


Write command hold time 

'wch 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

'wcr 

55 


60 


75 


ns 


Write command pulse width 

Aa/p 

15 


15 


20 


ns 


Write command to RAS lead time 

'RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

'CWL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

'DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

'DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

'REF 


16 


16 


16 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS-to-CAS precharge time 

'RPC 

0 


0 


0 


ns 

19 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C <T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that *RCD > tRCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 


achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the t RCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. tRCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, CAS 
must be pulsed HIGH for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U8. 
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DRAM 2 MEG x 32 DRAM 

MODULE FAST PAGE M0DE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 48mW standby; 3600m W active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

TheMT16D232 is a randomly accessed solid-state memory 
containing 2,097,152 words organized in a x32 configura- 
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 20 add ress bits, which are entered 1 0 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY- 
WRITE occurs when WE goes LOW prior to CAS going 
LOW , the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-6) 


MT16D232M/G 

O 

O 

1 36 37 

72-Pin ZIP (J-5) 

72 

MT16D232Z 

\m 

J| 

1 36 37 

72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

HAST 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

CAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

HAST 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

HAST 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

wr 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

RAST 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

HAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

L_54_ 

DQ27 

72 

Vss 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Als o, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combination 
of RAS addresses (A0 -A9) are executed at least every 16ms, 
regardless of sequence. 
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TRUTH TABLE 







Addresses 


Function 


RAS 

£a5 

WE 

X R 

X C 

DQ1-32 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 

1st Cycle 

L 

H-*L 

H 

ROW 

COL 

Valid Data Out 

MODE READ 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

MODE WRITE 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-10 

PRD1 

NC 

VSS 

NC 

PRD2 

NC 

vss 

NC 

PRD3 

VSS 

vss 

NC 

PRD4 

NC 

NC 

NC 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 16W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A9, WE 

ll 

-32 

32 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-24 

24 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: ‘RC = 'RC (MIN)) 

Icci 

816 

736 

656 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

576 

496 

416 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

32 

32 

32 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

16 

16 

16 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

816 

736 

656 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

816 

736 

656 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


80 

PF 

17 

Input Capacitance: WE 

Cl2 


112 

PF 

17 

Input Capacitance: CAS0-CAS3, RAS0-RAS3 

Cl4 


28 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


14 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 16, 17) (0°C <T A < 70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

130 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

'PC 

40 


45 


55 


ns 

6,7 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7, 9 

RAS pulse width 

l RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 


50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CRN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

*CRP 

5 


5 


20 


ns 


Row address setup time 

WSR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


15 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

*CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

X AR 

55 


60 


70 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

'RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

'RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

toFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

*WCS 

0 


0 


0 


ns 


Write command hold time 

M/CH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

•WCR 

55 


60 


75 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

'RWL 

15 


20 


25 


ns 


Write command to CAS lead time 

! CWL 

15 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

*DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

*DHR 

55 


60 


75 1 


ns 


Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

*REF 


16 


16 


16 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

^HR 

15 


15 


15 


ns 

19 

CAS set-up time 
(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 

19 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by eight RAS REFRESH cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 


achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if fc RCD is greater than the 
specified fc RCD (MAX) limit, then access time is 
controlled exclusively by 4 CAC. 

14. l RCH is referenced to the first rising edge of RAS or 

CAS! 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U16. 
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MT9D25636 


(REPLACES: MT8C36256) 

DRAM 256K x 36 DRAM 

MODULE FAST PAGE MODE 



FEATURES 

• Common RAS control pinout in a 72-pin single-in-line 
package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 27mW standby; l,515mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

85ns access -85 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT9D25636 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (A0 -A8) at a time. RAS is used to latch the first 
9 bits and CAS th e lat ter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-7) 


i MT9D25636M/G 

lo O 

l nrc nmm o ^^ ^ [TTrTTnTTTT^^ 

1 36 37 72 

72-Pin ZIP (J-6) 


MT9D25636Z 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CASCT 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

CAS2" 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

LAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

FASO 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RASO” 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 



U1-U4, U6-U9 = MT4C4256DJ 
U5 = MT4C4259DJ 


NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to all devices. 
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TRUTH TABLE 


Function 

RA5 

CAE 

WE 

Addresses 

DQ1-36 

l R 

l C 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L-H' 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE- 

REFRESH 

RAS 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-85 

-10 

PRD1 

NC 

VSS 

VSS 

vss 

PRD2 

NC 

NC 

NC 

NC 

PRD3 

VSS 

VSS 

NC 

VSS 

PRD4 

VSS 

NC 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,22 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-18 

18 

HA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-12 

12 

jliA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

720 

630 

540 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

540 

450 

360 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

18 

18 

18 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2 V or Vss +0.2V) 

ICC4 

9 

9 

9 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

720 

630 

540 

mA 

2 

REFRESH CURRENT : CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

720 

630 

540 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


45 

PF 

17 

Input Capacitance: WE 

Cl2 


63 

pF 

17 

Input Capacitance: RAS0 

Cl3 


63 

PF 

17 

Input Capacitance: CAS0, CAS1 , CAS2, CAS3 

Cl4 


21 

PF 

17 

Input/Output Capacitance: DQ1 -DQ36 

ClO 


7 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 16, 17) (0°C < T^< 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8, -85 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

tpc 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

*RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


20 


25 


ns 


RAS precharge time 

X RP 

50 


60 


70 


ns 


CAS pulse width 

X CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

*CSH 

70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

<RCD 

20 

40 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

l CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


15 


ns 


Column address setup time 

<ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

*AR 

55 


60 


70 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

*RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

*RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

<wcs 

0 


0 


0 


ns 


Write command hold time 

'WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

X \NCR 

55 


60 


75 


ns 


Write command pulse width 

twp 

15 


15 


20 


ns 


Write command to RAS lead time 

X R\NL 

20 


20 


25 


ns 


Write command to CAS lead time 

X C\NL 

20 


20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

15 

Data-in hold time 

toH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

tDHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

’REF 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

*CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

^SR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 

19 
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NOTES 



1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < fcCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that l RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


*RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by kCAC. 

14. *RCH is referenced to the first rising edge of RAS or 

CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V 

and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for t CP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U9. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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DRAM 256 K x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 30mW standby; l,750mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

85ns access -85 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT10D25636 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (A0 -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W R ITE cy cle, data-in (D) is latch ed by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-9) 


MT1 0D25636M/G 


1 — 


TfTTYTTTf^ I 


72-Pin ZIP (J-8) 



PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

US? 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

SKS? 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

US? 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

UST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

US? 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

WS? 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 



CASO 

CAS1 

RASO 


WE 


CAS2 

CAS3 

RAS2 


A0-A8 



U1-U8 = MT4C4256DJ 
U9 & U10 = MT4C4259DJ 
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TRUTH TABLE 


Function 

RAS 

ZKS 

WE 

Addresses 

DQ1-36 

l R 

l c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 

MODE WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE- 

REFRESH 

RAS 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

■85 

-10 

PRD1 

NC 

VSS 

VSS 

vss 

PRD2 

NC 

NC 

NC 

NC 

PRD3 

VSS 

VSS 

NC 

VSS 

PRD4 

VSS 

NC 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 10W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,22 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A8, WE 

ll 

-20 

20 

ra 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-12 

12 

hA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: ‘RC = 'RC (MIN)) 

Icci 

800 

700 

600 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

600 

500 

400 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

20 

20 

20 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

10 

10 

10 

mA 


REFRESH CURRENT: RAg-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

800 

700 

600 

mA 

2 

REFRESH CURRENT : CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

800 

700 

600 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


50 

PF 

17 

Input Capacitance: WE 

Cl2 


70 

PF 

17 

Input Capacitance: RAS0, RAS2 

Cl3 


35 

PF 

17 

Input Capacitance: CAS0, CAS1, CAS2, CAS3 

Cl4 


21 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

ClO 


7 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4. 5, 10, 11 , 16, 17) (0°C < T A < 70°C; Vcc = 5.0V + 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8, -85 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

135 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

'PC 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7, 9 

RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

*RSH 

20 


20 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

*CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

‘CSH 

70 


80 


100 


ns 


CAS precharge time 

tCPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

l CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


15 


ns 


Column address setup time 

*ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

*AR 

55 


60 


70 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

l RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

*RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

•off 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

•wcs 

0 


0 


0 


ns 


Write command hold time 

•WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

•WCR 

55 


60 


75 


ns 


Write command pulse width 

l WP 

15 


15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 


Data-in, setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

'DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

*REF 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

tCSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 

19 
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MT10D25636 


NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


t RAC (MAX) can be met. f RCD (MAX) is specified as 
a reference point only; if 5RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

14. t RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /civ with dv = 3V 

and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U9. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



^ DON'T CARE 
Ijjjjjj] UNDEFINED 
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(REPLACES: MT8C36512) 

DRAM 51 2K x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Common RAS control per side pinout in a 72-pin 
single-in-line package 

• High performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 54mW standby; 3,150mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

85ns access -85 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT18D51236 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (A 0 -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CA S, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-8) 


MT 1 8D51 236M/G 

O O 



72-Pin ZIP (J-7) 


I MT18D51236Z 

|o O 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CAS0 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

CAS2 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

RAS0 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

RAST 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

MST 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

MS0 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


(REPLACES: MT8C36512) 


-DQ8 DQ9, 18,27,36 


mi mi 


tm mi 



U1-U4, U6-U13, U15-U18 = MT4C4256DJ 
U5, U14 = MT4C4259DJ 


NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to side 1 and RAS1 is common to side 2. 
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TRUTH TABLE 


Function 

RX5 

CS5 

WE 

Addresses 

DQ1-36 

l R 

*c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H— L— H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 

MODE WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H— L— H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CaS-before- 

REFRESH 

RAS 

H— L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

■85 

-10 

PRD1 

VSS 

NC 

NC 

NC 

PRD2 

vss 

VSS 

VSS 

VSS 

PRD3 

NC 

VSS 

NC 

VSS 

PRD4 

NC 

NC 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 18W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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(REPLACES: MT8C36512) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,22 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-36 

36 

nA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-24 

24 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: *RC = *RC (MIN)) 

Icci 

738 

648 

558 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

558 

468 

378 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

36 

36 

36 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2 V or Vss +0.2V) 

ICC4 

18 

18 

18 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

738 

648 

558 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

738 

648 

558 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


90 

PF 

17 

Input Capacitance: WE 

Cl2 


126 

PF 

17 

Input Capacitance: RAS0, RAS1 

Cl3 


63 

PF 

17 

Input Capacitance: CAS0, CAS1 , CAS2, CAS3 

Cl4 


42 

PF 

17 

Input/Output Capacitance: DQ1 -DQ36 

ClO 


14 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 16, 17) (0°C <T A <70°C; Vcc = 5.0V ± 10 %) 


A.C. CHARACTERISTICS 


-7 

-8, -85 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

>RC 

135 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

*PC 

40 


45 


55 


ns 

6,7 

Access time from RAS 

*RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

•CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


20 


25 


ns 


RAS precharge time 

X RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

*CSH 

70 


80 


100 


ns 


CAS precharge time 

^PN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

•rcd 

20 

40 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

l CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


Column address setup time 

WSC 

0 


0 


0 


ns 


Column address hold time 

{ CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

X AR 

55 


60 


70 


ns 


Read command setup time 

X RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

t RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

*RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

•wcs 

0 


0 


0 


ns 


Write command hold time 

•WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

X \NP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

'CWL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

X DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

X DRR 

55 


60 


75 


ns 


Transition time (rise or fall) 

X J 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

X REP 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

19 

CAS setup time 

CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 

19 


2-145 


| DRAM MODULE 





| DRAM MODULE 


MICRON 

H TECHNOLOGY, INC. 


MT18D51236 


(REPLACES: MT8C36512) 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100 |lis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

14. t RCH is referenced to the first rising edge of RAS or 

CAS! 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for *CP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE- WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U18. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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DRAM 51 2K x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 60mW standby; l,780mW active, typical 

• Refresh modes: RAS-ONLY, O^-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh distributed across 8ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

85ns access -85 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT20D51236 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (A0 -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR I TE cyc le, data-in (D) is latched by the 
falling edge of WE or CA S, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 


72-Pin SIMM (1-10) 

MT20D51 236M/G 

O 

O 

1 36 37 

72 

72-Pin ZIP (J-9) 


MT20D51236Z 

o 

O 

1 36 37 

iWmirnr 

72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

LAST 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

LAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

LAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

LAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

LAST 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

LAST 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

RAS3~ 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

LAST 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, OB-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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Addresses 


Function 


WAS 

CAS 

WE 

l R 

l c 

DQ1-36 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 

1 st Cycle 

L 

H-L-+H 

H 

ROW 

COL 

Valid Data Out 

MODE READ 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Valid Data In 

MODE WRITE 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-85 

-10 

PRD1 

VSS 

NC 

NC 

NC 

PRD2 

vss 

VSS 

VSS 

VSS 

PRD3 

NC 

VSS 

NC 

VSS 

PRD4 

NC 

NC 

VSS 

VSS 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 20W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-2.0 

0.8 

V 

1,22 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A8, WE 

h 

-40 

40 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-24 

24 

MA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8, -85 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

820 

720 

620 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

620 

520 

420 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

40 

40 

40 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

20 

20 

20 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

820 

720 

620 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

820 

720 

620 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


100 

PF 

17 

Input Capacitance: WE 

Cl2 


140 

PF 

17 

Input Capacitance: RAS0, RAS1 , RAS2, RAS3 

Cl3 


35 

PF 

17 

Input Capacitance: CAS0, CAS1 , CAS2, CAS3 

Cl4 


42 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

ClO 


14 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11, 16, 17) (0°C <T A <70°C; Vcc = 5.0V ± 10 %) 


A.C. CHARACTERISTICS 


-7 

-8, -85 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

135 


150 


180 


ns 

6,7 

FAST PAGE MODE cycle time 

x pc 

40 


45 


55 


ns 

6,7 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

t RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

l CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

l CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

t CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

'AR 

55 


60 


70 


ns 


Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

{ RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

tRRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

toFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

'WCS 

0 


0 


0 


ns 


Write command hold time 

•WCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

•WCR 

55 


60 


75 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

^WL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

'DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

l REF 


8 


8 


8 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

^HR 

15 


15 


15 


ns 

19 

CAS setup time 

CAS-BEFORE-TO5 REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

{ RPC 

0 


0 


0 


ns 

19 



2-155 


DRAM MODULE 




DRAM MODULE 



MT20D51236 


NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that l RCD < l RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 


*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

14. t RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for RIP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U18. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A 0 - A y ; Ag and WE = DON’T CARE) 


■ l CRP 





l ASR 

tRAH . | 




wm 

* ROW J 


^AS-BEFORE-RAS REFRESH CYCLE 

(A 0 - A 8 , WE = DON’T CARE) 


l RP II { RAS 


< t RPC 

JCPN , l CSR l CHR 


HIDDEN REFRESH CYCLE 

(WE = HIGH ) 20 



L l AR 1 


( t ASR > 

i tRAH . 


• tASC » | 

< tCAH^ 

[ ; 


| COLUMN ] 


(REFRESH) 

to AC 



l RAC 



/CAC 

— 

1 

i j 

* 





| DON’T CARE 
I UNDEFINED 
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ADVANCE 


(UIICRON MT9D136 


DRAM 1 MEG x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Common RAS control pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 27mW standby; 2,175mW active, typical 

• Refresh modes: RAS-ONLY, OB-BEFORE-RAS, and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT9D136 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress bits which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. Durin g a W R ITE cy cle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-7) 


MT9D136M/G 



72-Pin ZIP (J-6) 


MT9D136Z 



PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CAST 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

tjAS2" 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

UAS3" 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

mm 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WE 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RASO" 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS^ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 
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CASO 

casT 

RASO 


CAS2 

CAS3 


FUNCTIONAL BLOCK DIAGRAM 


DQ1 


tttt 


WE 

U1 

CAS 

RAS 

OE A0-A9 


10 


-DQ8 

mi 


DQl 

-4 

WE 



U2 

CAS 


RAS 


OE A0-A9 | 


DQ9, 18, 27, 36 

mi 


10 


DQl 

-4 

WE 

CAS3 

CASO 

U5 

RAS 

CAS2 

CAS1 


A0-A9| 




DQ19 ■ 


tilt 


DQ26 


DQl -4 


U6 


WE 
CAS 
RAS 

OE A0-A9 


Uh al 

J-^h 







hot 


tilt 


DQl -4 


U7 


WE 
CAS 
RAS 

OE A0-A9 


j Ub AU— At 


• : i - ! .~ii : i. : :: .i; ij.;. 1 1 ii : 




10 


DQ10- 


lilt 




WE 

U3 

CAS 

RAS 

OE A0-A9 

y ~ 


10 


DQ28 


mi 


DQl -4 


1)8 


WE 
CAS 
RAS 

OE A0-A9 


OE AO-AJ 

r% 




-DQl 7 


mt 


x 1 


DQl -4 
WE 

U4 

CAS 

RAS 

OE A0-A9 


10 


DQ35 


tilt 


DQl -4 
WE 

U9 

CAS 

RAS 


OE A0-A9 


ho 


, iii i iri i 


Tiliili 


U1-U4, U6-U9 = MT4C4001 DJ 
U5 = MT4C4004DJ 


NOTE: Due to the use of a Quad CAS DRAM, RASO is common to all devices. 


2-162 



ADVANCE 



MT9D136 


TRUTH TABLE 


Function 

RAS 

CAS 

WE 

Addresses 

DQ1-36 

X R 

x c 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-“*L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H— L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H— L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 



PRESENCE DETECT 


SYMBOL 

-7 

-8 

■10 

PRD1 

NC 

VSS 

NC 

PRD2 

VSS 

vss 

NC 

PRD3 

VSS 

NC 

NC 

PRD4 

NC 

VSS 

NC 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T ft < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A8, WE 

ll 

-18 

18 

jiA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-12 

12 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VoH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: l RC = 'RC (MIN)) 

Icci 

900 

810 

720 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: *PC = ‘PC (MIN)) 

ICC2 

630 

540 

450 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

18 

18 

18 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

9 

9 

j 

9 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

900 

810 

720 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

900 

810 

720 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


45 

pF 

17 

Input Capacitance: WE 

Cl2 


63 

PF 

17 

Input Capacitance: RAS0 

Cl3 


63 

pF 

17 

Input Capacitance: CAS0, CAS1 , CAS2, CAS3 

C|4 


21 

pF 

17 

Input/Output Capacitance: DQ1-DQ36 

Cio 


7 

pF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 10, 11 , 16, 17) (0°C < T A < 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

*pc 

40 


45 


55 


ns 

6, 7 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

t RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

X CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

*CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

>CP 

10 


10 


10 


ns 


RAS to CAS delay time 

>RCD 

20 

50 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

'CRP 

5 


5 


20 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

*rah 

10 


10 


15 


ns 


Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

'AR 

55 


60 


70 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

*RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

'RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

tWCS 

0 


0 


0 


ns 


Write command hold time 

X \NCH 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

'RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

'CWL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

‘DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

'DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

'REF 


16 


16 


16 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 

19 
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NOTES 



1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

9. Assumes that tRCD > tRCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 


achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. fc RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE- WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U9. 
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fVIICROIM MT18D236 


DRAM 2 MEG x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Common RAS control per side pinout in a 72-pin 
single-in-line package 

• High-performance CMOS silicon gate process. 

• Single 5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL and 
CMOS compatible 

• Low power, 54mW standby; 4,500mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

Leaded 72-pin ZIP Z 


GENERAL DESCRIPTION 

The MT1 8D236 is a randomly accessed solid-state memory 
containing 2,097,152 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR ITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toC AS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 



followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent colum n addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0 -A9) are executed at least every 16ms, 
regardless of sequence. 


MT18D236 
REV. 1/91 


2-171 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 


| DRAM MODULE 





DRAM MODULE 


ADVANCE 



U1-U4, U6-U13, U15-U18 = MT4C4001DJ 
U5, U14 = MT4C4004DJ 



NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to side 1 and RAS1 is common to side 2. 
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TRUTH TABLE 


Function 

RAS 

CSS 

WE 

Addresses 

DQ1-36 

l R 

l C 

Standby 

H 

X 

X 

X 

X 

High Impedance 

READ 

L 

L 

H 

ROW 

COL 

Valid Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Valid Data In 

FAST-PAGE- 
MODE READ 

1st Cycle 

L 

H-*L 

H 

ROW 

COL 

Valid Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Valid Data Out 

FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Valid Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Valid Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High Impedance 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Valid Data Out 

WRITE 

L^H-L 

L 

L 

ROW 

COL 

Valid Data In 

CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

High Impedance 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-10 

PRD1 

NC 

VSS 

NC 

PRD2 

NC 

VSS 

NC 

PRD3 

VSS 

vss 

NC 

PRD4 

NC 

NC 

NC 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, TA(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 18W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T^< 70°C; Vcc = 5.0V + 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 


Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

A0-A9, WE 

ll 

-36 

36 

ha 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-24 

24 

ha 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

918 

828 

738 

mA 

2 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

648 

558 

468 

mA 

2 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

36 

36 

36 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

18 

18 

18 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

918 

828 

738 

mA 

2 

REFRESH CURRENT: CAS-BE FORE- RAS 
(RAS and CAS = Cycling) 

ICC6 

918 

828 

738 

mA 

2 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


90 

PF 

17 

Input Capacitance: WE 

Cl2 


126 

PF 

17 

Input Capacitance: RAS0, RAS1 

Cl3 


63 

PF 

17 

Input Capacitance: CAS0, CAS1 , CAS2, CAS3 

Cl4 


42 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

Cio 


14 

PF 

17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3,4,5,10,11,16,17) (0°C < T A < 70°C; Voc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 

6,7 

FAST-PAGE-MODE cycle time 

l PC 

40 


45 


55 


ns 

6,7 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

7,8 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

7,9 

RAS pulse width 

l RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPU 

10 


10 


15 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

13 

CAS to RAS setup time 

*CRP 

5 


5 


20 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


15 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


20 


ns 


Column address hold time 
referenced to RAS 

'AR 

55 


60 


70 


ns 


Read command setup time 

<RCS 

0 


0 


0 


ns 


Read command hold time 
referenced to CAS 

'RCH 

0 


0 


0 


ns 

14 

Read command hold time 
referenced to RAS 

*RRH 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

t/vcs 

0 


0 


0 


ns 


Write command hold time 

'YJCR 

15 


15 


20 


ns 


Write command hold time 
referenced to RAS 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

t W p 

15 


15 


20 


ns 


Write command to RAS lead time 

>RWL 

15 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

'DH 

15 


15 


20 


ns 

15 

Data-in hold time 
referenced to RAS 

'DHR 

55 


60 


75 


ns 


Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

16 

Refresh period (256 cycles) 

'REF 


16 


16 


16 

ms 

20 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

'CHR 

15 


15 


15 


ns 

19 

CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


10 


ns 

19 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 

19 
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NOTES 

1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of IOOjlIs is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, l RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that t RCD > *RCD (MAX). 

10. If CAS = Vih, data output is high impedance. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 


achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if f RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by 'CAC. 

14. l RCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt /dv with dv = 3V and Vcc = 5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for t CP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U18. 
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FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



f%| DON'T CARE 
Hjjjjjl UNDEFINED 
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TTS5-0NLY REFRESH CYCLE 

(ADDR = A 0 - A g ; WE = DON’T CARE) 



Uag-BEFORE-Bftg REFRESH CYCLE 

(A 0 - Ag, WE = DON’T CARE) 



1 ' tRP , | 

tRAS 

HH 

taAS 



= _J 





l N 



tape 







„ I 


l tcsR 1 

tcHR 1 1 

tape 

*CSR 



*i r-M 

f i 


MMSL \ 





DQ vgf OPEN 

HIDDEN REFRESH CYCLE 

(WE = HIGH ) 20 


(READ) (REFRESH) 






I DRAM MODULE 


ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT18D236 


2-180 



DYNAMIC RAMS 

DRAM MODULES 

MULTIPORT DRAMS 

STATIC RAMS 

SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 

APPLICATION/TECHNICAL INFORMATION 

MILITARY INFORMATION 

PACKAGE INFORMATION 

SALES INFORMATION 
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DUAL PORT DRAM PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package and Number of Pins 



Configuration 

Cycle 

Number 

Time (ns) 


Active 

■MS 

ZIP 

SOJ 

CDIP 

Process 

Page 

64K x 4 

PM 

MT42C4064 

100,120,150 

WMM 

250mW 

mm 

24 

- 

24 

CMOS 

3-1 

256K x 4 

FPM 

MT42C4255 

80,100,120 

■ 

200mW 

- 

28 

28 

- 

CMOS 

3-27 

256K x 4 

FPM, BW 

MT42C4256 

80,100,120 

15mW 

200mW 

- 

28 

28 

- 

CMOS 

3-61 


FPM 

MT42C8127 

100,120 

15mW 

200mW 

- 

- 

40 

- 

CMOS 

3-97 

128K x 8 


MT42C8128 

80,100,120 

15mW 

275mW 

- 

40 

40 

- 

CMOS 

3-131 

256K x 8 

FPM, BW 

MT42C8256 

70, 80,100 

20mW 

300mW 

- 

- 

40 

- 

CMOS 

3-167 


PM = Page Mode, FPM = Fast Page Mode, BW = Block Write 


TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package and Number of Pins 



Configuration 

Cycle 

Number 

Time (ns) 


Active 

ZIP 

SOJ 

PLCC 

Process 

Page 

256K x 4 

FPM, BW, QSF pin 

MT43C4257 

80,100,120 

15mW 

450mW 

- 

40 

- 

CMOS 

3-169 

256 K x 4 

FPM, BW, SSF pin 

MT43C4258 

80,100,120 

15mW 

450mW 

- 

40 

- 


3-169 

128K x 8 

FPM, BW, QSF pin 

MT43C81 28 



450mW 

- 

- 

52 


3-215 

1 28K x 8 

FPM, BW, SSF pin 

MT43C8129 

80,100,120 

15mW 

450mW 

- 

- 

52 

CMOS 

3-215 


PM = Page Mode, FPM = Fast Page Mode, BW = Block Write 
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MT42C4064 


VRAM 64Kx 4 DRAM 

WITH 256 x 4 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 256-cycle refresh within 4ms 

• Optional PAGE MODE access cycles 

• Dual port organization: 64K x 4 DRAM port 

256 x 4 SAM port 

• Bit MASKED WRITE mode capability on DRAM port 

• No refresh required for Serial Access Memory 

• Low power: 15mW standby; 250mW active, typical 

• Fast access times - 100ns parallel, 33ns serial 


OPTIONS 

• Timing (DRAM, SAM) 
100ns, 33ns 
120ns, 40ns 
150ns, 60ns 


MARKING 

-10 

-12 

-15 


• Packages 

Plastic DIP (400 mil) None 

Ceramic DIP (400 mil) C 

Plastic ZIP Z 


PIN ASSIGNMENT (Top View) 


24-Pin DIP 

(A-8, B-8) 


24-Pin ZIP 

(C-4) 



DQ4 
SDQ3 
Vss 

sdqi_ 

10 TR/OE 
12 DQ2 
14 RAS 
16 A5 
18 Vcc 
20 A3 
22 A1__ 
24 CAS 


GENERAL DESCRIPTION 

The MT42C4064 is a high speed, dual port CMOS dy- 
namic random access memory, or video RAM (VRAM) 
containing 262,144 bits. They may be accessed by a four bit 
wide DRAM port or by a 256 x 4 bit serial access memory 
(SAM) port. Data may be transferred bidirectionally be- 
tween the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4067 (64K x 4) bit DRAM. Four 256-bit data 
registers make up the serial access memory portion of the 
VRAM. Data 1/ O and internal data transfer are accomplished 
using three separate bidirectional data paths: the 4-bit 
random access I/O port, the four internal 256 bit wide paths 
between the DRAM and the SAM, and the 4-bit serial I/O 


port for the SAM. The rest of the circuitry consists of the 
control, timing, and address-decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being 
transferred internally between them. As with all DRAMs, 
the VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 256 combinations of RAS 
addresses are executed at least every 4ms (regardless of 
sequence) . Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 
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PIN DESCRIPTIONS 


DIP PIN 
NUMBER(S) 

ZIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

1 

7 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the 

SAM registers. 

4 

8, 9,4,5 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation at 
RAS (H - L), or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW); otherwise, 
the output buffers are in a High-Z. 

7 

13 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: WE is used to select a READ (WE = H) or 

WRITE (WE = L) cycle when accessing the DRAM. This 
includes a DRAM-TO-SAM TRANSFER (WE = H) or SAM- TO- 
DRAM TRANSFER (WE = L). 

8 

14 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 8 row-address 
bits and as a strobe for the MASK ENABLE and TRANSFER 
functions. 

9, 10, 11, 13, 
14, 15, 16, 17 

23,22, 21,20 
17, 16, 15, 19 

AO to A7 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select 4 bits 
out of the 64K available. During TRANSFER operations, 

AO to A7 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

18 

24 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 8 column- 
address bits and enable the DRAM output buffers (TR/OE must 
also be LOW). 

21 

3 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur, otherwise the 
output buffers are in a High-Z state.SE is also used during a 
TRANSFER operation to indicate whether a SAM-TO-DRAM 
TRANSFER or a SERIAL-INPUT-MODE ENABLE cycle is 
performed. 

5, 6, 19, 20 

11,12,1,2 

DQ1 - DQ4 

Input/ 

Output 

DRAM Data I/O: Inputs, Outputs, or High-Z, and/or 

Mask Data Inputs: For MASKED WRITE cycle only. 

2, 3, 22, 23 

8, 9, 4, 5 

SDQ1 - SDQ4 

Input/ 

Output 

Serial Data I/O: Input, Output, or High-Z. 

12 

18 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

24 

6 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The VRAM can be divided into three functional blocks 
(see Figure 1); the DRAM, the transfer control circuitry, and 
the serial access memory (SAM). All of the operations 
described below are also shown in the AC Timing Diagrams 
HHHI section of this data sheet, and are summarized in the Truth 
Table. 

Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing transfer operations 
the TR/OE pin will be shown as TRj(OE). 

DRAM OPERATION 

The DRAM portion of the VRAM is functionally identical 
to standard 64K x 4 DRAMs. However, because several of 
the DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discussion. 

READ/WRITE Cycles 

The 16 address bits that are used to select a 4-bit word 
from th e 65,53 6 a vailabl e are latched into the chip using the 
AO -A 7, RAS, and CAS inputs. First, the 8 row-address bits 
are set up on the address inputs and clocked into the part 
when RAS transitions from HIGH to LOW. Next, the 8 
column-address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMs the OE pin is a "don't care" when 
RAS goes LOW. For the VRAM, (TR)/OE is used, when 
RAS goes LOW, to select between an internal transfer 
operation and a DRAM operation. (TR)/OE must be HIGH 
at the RAS HIGH to LOW transition for a DRAM port READ 
or WRITE operation. 


If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1 - DQ4 port. The (TR)/ 
OE input must be LOW to enable the DRAM output port. 

For single port DRAMs, WE is a "don 't care" when RAS 
goes LOW. For the VRAM, (ME) /WE is used, when RAS 
goes LOW, to select between a MA SKED WRIT E cyc le and 
anormal WRITE cycle.If (ME) /WEisLOWattheRASHIGH 
to LOW transition, a MASKED WRITE operation is se- 
lected. For a normal DRAM WRITE operation, (ME) /WE 
must be HIGH at the RAS HIGH to LOW transition. (ME)/ 
WE is a "don't care" at the RAS HIGH to LOW transition for 
a DRAM READ cycle. 

If (ME) /WE is LOW when CAS goes LOW, a DRAM 
WRITE operation is performed and the data present on the 
DQ1 - DQ4 port w ill be written into t he selected memory 
cells. If ME/ (WE) is LOW when RAS goes LOW, the input 
data will be "masked" before being stored in the DRAM. 

The VRAM can perform all the normal DRAM cycles 
including EARLY -WRITE, LATE-WRITE, READ-WRITE, 
READ-MODIFY-WRITE, PAGE-MODE READ, PAGE- 
MODE WRITE, and PAGE-MODE READ-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in this 
data sheet for more details on these operations. 

REFRESH 

Th e MT42C4064 supports RAS ONLY, CAS-BEFORE- 
RAS, and HIDDEN types of refresh cycles. All 256 row- 
address combi nation s must be accessed within 4ms. For the 
CAS-BEFORE-RAS refresh mode, the row addresses are 
generated internally and the user need not supply them as 
he must in RAS ONLY refresh. TR/ (OE) must be HIGH when 
RAS goes LOW for the RAS ONLY and CAS-BEFORE- 
RAS types of refresh cycles. Any READ, WRITE, or TRANS- 
FER operation also refreshes the DRAM row that is being 
accessed. 
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Figure 2 

MT42C4064 MASKED WRITE 


MASKED WRITE 

If ME/ (WE) is LOW at the RAS HIGH to LOW transition, 
the data (mask data) present on the DQ1 - DQ4 inputs will 
be written into the bit mask data register. The mask data acts 
as an individual write enable for each of the four DQ1 - DQ4 
pins. If a LOW (logic 0) is written to a mask data register bit, 
the input port for that bit is disabled during the subsequent 
WRITE operation and no new data will be written to that 
DRAM cell location. A HIGH (logic 1) on a mask data 
register bit enables the input port and al lows normal WRITE 
operations to proceed. Note that CAS is still HIGH. When 


CAS goes LOW, the bits present on the DQ1 - DQ4 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). The 
DRAM contents that correspond to the masked bits will not 
be changed during the WRITE cycle. Since the mask data 
register is reset (to all Ts) at the end of every MASKED 
WRITE cycle, new mask data must be supplied at the 
beginning of each MASKED WRITE cycle. An example of a 
typical MASKED WRITE cycle is shown in Figure 2. 
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TRANSFER OPERATION 

DRAM-TO-SAM TRANSFER (READ TRANSFER) 

A TRANSFER operation is initiated when TR/(OE) is 
LOW at RAS (HIGH to LOW) time. (ME) /WE indicates the 
hhb| direction of the transfer and must be HIGH as RAS goes LOW 
HHH for a DRAM-TO-SAM TRANSFER. In this case, the row 
address bits indicate the four 256-bit DRAM rows that are 
to be transferred to the four SAM data registers, and the 
column address bits indicate the start address, or Tap, of the 
next SER IAL O UTPUT cycle from the SAM data registers. 
RAS and CAS are used to strobe the address bits into the 
part. To compl ete the TRANSFER, TR/(OE) is taken HIGH 
while RAS and CAS are still LOW. The 1024 bits of DRAM 
data are then written into the SAM data registers and the 
serial shift start address is stored in an internal 8-bit register. 
There must be no rising edges on the serial clock (SC) input 
while a normal READ TRANSFER is taking place (refer to 
the AC timing diagrams for READ TRANSFER). A REAL- 
TIME READ-TRANSFER cycle is the only time when SC 
must be synchronized with the DRAM RAS and CAS tim- 
ing (by using TR/ (OE) is to fire the TRANSFER, LOW to 
HIGH transition). See theREAL-TIME READ-TRANSFER 
AC timing waveforms. If SE is LOW, the first bits of the new 
row data will appear at the serial outputs with the first SC 
clock pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. 

SAM-TO-DRAM TRANSFER (WRITE TRANSFER) 

The SAM-TO-DRAM TRANSFER operation is identical 
to the DRAM-TO-SAM TRANSFER described above ex- 
cept that (ME) /WE and SE must be LOW when RAS goes 
LOW. The row address indicates the DRAM row that the 
SAM data registers will be written to and the column 
address indicates the Tap address of the next SERIAL 
INPUT cycle for the SAM data registers. If SE is HIGH when 
RAS goes LOW, a SERIAL-INPUT-MODE ENABLE cycle is 
performed. 


SAM OPERATION 

SERIAL INPUT/OUTPUT MODE CONTROL 

The SAM port is automatically placed in the serial output 
mode after a DRAM-TO-SAM TRANSFER operation. Con- 
versely, after a SAM-TO-DRAM TRANSFER, the SAM port 
will be in the serial input mode. 

SERIAL-INPUT-MODE ENABLE (PSEUDO WRITE 
TRANSFER) 

It is possible to change the direction of the SAM port from 
output to input without performing a SAM-TO-DRAM 
TRANSFER. This operation, called a SERIAL-INPUT-MODE 
ENABLE cycle, is simply a SAM-TO-DRAM TRANSFER 
cycle with SE held HIGH instead of LOW. The DRAM data 
will not be disturbed and the data registers will be ready to 
accept input data. 

The only way to put the SAM port in the serial output 
mode is to do a DRAM-TO-SAM TRANSFER. 

SERIAL INPUT and SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL 
OUTPUT are SC and SE. The rising edge of SC increments 
the serial address counter and provides access to the next 
SAM location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM data register contents will start 
at the tap start address that was loaded during the DRAM- 
TO-SAM TRANSFER cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the 4-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW to HIGH 
transition, regardless of whether SE is HIGH or LOW, and 
will wrap around to location 0 after reaching its maximum 
count of 255. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
serial address register contents, which was loaded when 
the serial input mode were enabled, will determine the 
serial address to which the first bit will be written. SE acts 
as an enable for serial data input and must be LOW for 
normal serial input. If SE is HIGH, the data inputs are dis- 
abled and the SAM contents will not be modified. The serial 
address register is incremented with every L -*• H transition 
of SC, regardless of the logic level on the SE input. 
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TRUTH TABLE 

DRAM Operations (SC, 5E, and SDQ1 — SDQ4 are “don’t care”) 


Function 

RA5 

€a5 

ME/WE 

TR/OE 

Addresses 

DQ1 

to 

DQ4 

Notes 

tR* 

tc* 

tR* 

tc* 

tR* 

tc* 

Standby 

H 

H 

X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

X 

H 

H 

H-L 

ROW 

COL 

Data Out 


WRITE 

(EARLY-WRITE) 

L 

L 

H 

L 

H 

X 

ROW 

COL 

Data In 

1 

MASKED WRITE 

H-L 

L 

L 

L 

H 

X 

ROW 

COL 

Mask Data In, 

Valid Data In 


READ-WRITE 

L 

L 

H 

H-+L 

H 

L— H 

ROW 

COL 

Valid Data Out 

1 

PAGE-MODE 

READ 

L 

H-L-H, 

H-L-+H 

H 

H 

H 

H-L 

ROW 

COL 

Valid Data Out 


PAGE-MODE 

WRITE 

L 

H-L-H, 

H-L-H 

H 

L 

H 

X 

ROW 

COL 

Valid Data In 


PAGE-MODE 

READ-WRITE 

L 

H-L-H, 

H-L-H 

H 

H-L 

H 

L-H 

ROW 

COL 

Valid Data Out, 

Valid Data In 

1 

RAS-ONLY 

REFRESH 

L 

H 

X 

n/a 

H 

n/a 

ROW 

n/a 

High-Z 


HIDDEN 

REFRESH 

L-H-L 

L 

X 

H 

X 

L 

ROW 

COL 

Valid Data Out 


CAS-BEFORE- 
RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

X 

High-Z 



TRANSFER Operations (DQ1 — DQ4 are “don’t care”) 


Function 

RA5 

CAS 

ME/WE 

tr/<5e 

Addresses 

SC 

5E 

SDQ1 

to 

SDQ4 

Notes 

tR* 

tc* 

tR* 

tc* 

tR* 

tc* 

DRAM-TO-SAM 

TRANSFER 

L 

L 

H 

X 

L 

L 

ROW 

TAP** 

X 

X 

X 

2 

SAM-TO-DRAM 

TRANSFER 

L 

L 

L 

X 

L 

X 

ROW 

TAP** 

X 

L 

X 

3 

SERIAL-INPUT- 
MODE ENABLE 

L 

L 

L 

X 

L 

X 

ROW 

TAP** 

X 

H 

X 

4 


* tR = when RAS goes from HIGH to LOW 

tC = when CAS goes from HIGH to LOW 

** TAP = Tap Address, the serial address to which the next 
serial input or output cycle will start. 


Notes: 1 . Any type of WRITE cycle may also be a 
MASKED WRITE cycle. 

2. The SAM will be in a SERIAL OUTPUT mode 
after a DRAM-TO- SAM TRANSFER. 

3. The SAM will be in a SERIAL INPUT mode 
after a SAM-TO-DRAM TRANSFER. 

4. The SAM will be put in the SERIAL INPUT 
mode but the SAM-TO-DRAM TRANSFER 
will not occur. 
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TRUTH TABLE 


Serial I/O Operations (RAS, CAS, ME/WE, TR/OE, and DQ1 - DQ4 are “don’t care”) 


Function 

SC 

3E 

SDQ1 — SDQ4 

Notes 

SERIAL OUTPUT 

L-H 

L 

Valid Data Out 

5 

SERIAL INPUT 

L-H 

L 

Valid Data In 

6 


Notes: 5. The SAM must be in the SERIAL OUTPUT mode. 
6. The SAM must be in the SERIAL INPUT mode. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0 V<Vin<Vcc), all other pins not under test = 0V). 

lL 

-10 

10 

jjA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0 V<Vout<Vcc). 

loz 

-10 

10 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 5mA) 

VOL 


0.4 

V 

1 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cm 


5 

PF 

18 

Input Capacitance: RAS, CAS, WE, OE, SC, SE 

C 12 


7 

PF 

18 

Output Capacitance: DQ, SDQ 

Co 


7 

PF 

18 


CURRENT DRAIN, SAM IN STANDBY 

(Notes 2, 3) (0°C < T A < 70°C, Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION OF DRAM 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

OPERATING CURRENT (RAS and CAS = Cycling; 'RC = 'RC (MIN)). 

Icci 


40 

mA 


OPERATING CURRENT: PAGE MODE 
(RAS= Vil.CAS = Cycling; 'PC = 'PC (MIN)). 

ICC2 


40 

mA 


STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles MIN). 

ICC3 


10 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc-0.2V 

after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V). 

ICC4 


4 

mA 


REFRESH CURRENT: RAS-ONLY (RAS = Cycling; CAS = Vih). 

ICC5 


30 

mA 


REFRESH CURRENT: CAS-BE FORE- RAS (RAS and CAS = Cycling). 

ICC6 


30 

mA 

22 

SAM/DRAM DATA TRANSFER 

ICC7 


60 

mA 



CURRENT DRAIN, SAM ACTIVE (‘SC = MIN) 

(Notes 2, 3) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION OF DRAM 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

OPERATING CURRENT (RAS and CAS = Cycling; 'RC = 'RC (MIN)). 

ICC8 


60 

mA 


OPERATING CURRENT: PAGE MODE 
(RAS = Vil.CAS = Cycling; 'PC = 'PC (MIN)). 

ICC9 


60 

mA 


STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles MIN). 

Iccio 


30 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc-0.2V 

after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V). 

Icci 1 


25 

mA 


REFRESH CURRENT: RAS-ONLY (RAS = Cycling; CAS = Vih). 

Icci 2 


50 

mA 


REFRESH CURRENT: CA5-BEFORE-RAS (RAS and CAS = Cycling). 

ICC13 


50 

mA 

22 

SAM/DRAM DATA TRANSFER 

ICCI 4 


90 

mA 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 3, 4, 5, 6, 1 0, 11 , 1 7) (0°C < T^< + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

190 


220 


260 


ns 


READ-MODIFY-WRITE cycle time 

*RWC 

250 


295 


345 


ns 

20, 21 

PAGE-MODE READ or WRITE 
cycle time 

l PC 

75 


90 


110 


ns 

6 

PAGE-MODE READ-MODIFY-WRITE 
cycle time 

l PRWC 

125 


150 


175 


ns 

20,21 

Access time from RAS 

*RAC 


100 


120 


150 

ns 

7, 8 

Access time from CAS 

’CAC 


50 


60 


75 

ns 

7,9 

RAS pulse width 

’ras 

100 

10,000 

120 

10,000 

150 

10,000 

ns 


RAS pulse width (PAGE MODE) 

’rasp 

100 

100,000 

120 

100,000 

150 

100,000 

ns 


RAS hold time 

’rsh 

50 


60 


75 


ns 


RAS precharqe time 

*RP 

80 


90 


100 


ns 


CAS pulse width 

X CAS 

50 

10,000 

60 

10,000 

75 

10,000 

ns 


CAS hold time 

l CSH 

100 


120 


150 


ns 


CAS precharqe time 

l CPN 

15 


20 


25 


ns 


CAS precharqe time (PAGE MODE) 

X CP 

15 


20 


25 


ns 

19 

RAS to CAS delay 

X RCD 

15 

50 

15 

60 

15 ! 

75 

ns 

13 ! 

CAS to RAS precharqe time 

X CRP 

10 


10 


10 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

X RAR 

15 


15 


15 


ns 


Column address setup time 

’asc 

0 


0 


0 


ns 


Column address hold time 

l CAH 

20 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

45 


70 


80 


ns 


READ command setup time 

’rcs 

0 


0 


0 


ns 


READ command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

14 

READ command hold time 
(referenced to RAS) 

*RRH 

0 


0 


0 


ns 


WE command setup time 

’wcs 

0 


0 


0 


ns 

16 

WRITE command hold time 

X \NCH 

20 


25 


30 


ns 


WRITE command hold time 
(referenced to RAS) 

l WCR 

70 


80 


90 


ns 


WRITE command pulse width 

’wp 

20 


25 


30 


ns 


WRITE command to RAS lead time 

l RWL 

25 


30 


35 


ns 


WRITE command to CAS lead time 

X C\NL 

25 


30 


35 


ns 


Data-in setup time 

'ds 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

15 


20 


25 


ns 

15 

Data-in hold time (referenced to RAS) 

’dhr 

70 


80 


90 


ns 


CAS to WE delay 

*CWD 

65 


80 


95 


ns 

16, 20 

RAS to WE delay 

l RWD 

120 


150 


185 


ns 

16, 20 

ME/WE to RAS setup time 

l WSR 

0 


0 


0 


ns 



3-10 




MICRON 

■ TECHNOLOGY, INC. 


MT42C4064 


DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 3, 4, 5, 6, 1 0, 11 , 1 7) (0°C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

ME/WE to RAS Hold Time 

t RWH 

10 


10 


15 

ns 



Mask Data (DQ ) to RAS setup time 

*MS 

0 


0 


0 


ns 


Mask Data (DQ ) to RAS hold time 

*MH 

20 


20 


25 


ns 


Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 


Refresh period (256 cycles) 

! ref 


4 


4 


4 

ms 


RAS to CAS precharqe time 

X RPC 


0 


0 


0 

ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

l CSR 

10 


10 


10 


ns 


CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

bHR 

20 


25 


30 


ns 

22 

CAS to output in Low-Z 

X CLZ 

5 


5 


5 


ns 


Output buffer turn-off delay 

X OFF 

0 

25 

0 

25 

0 

30 

ns 

7,12 

Access time from (TR)/OE 

l OE 


25 


25 


30 

ns 


Output Disable 

*OD 

0 

25 

0 

25 

0 

30 

ns 


Output Disable hold time from 
start of WRITE 

l OEH 


25 


25 


30 

ns 


Output Enable to RAS delay 

'ORD 


0 


0 


0 

ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 3, 4, 5, 6, 1 7) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to 

RAS setup time 

X TS 

0 


0 


0 


ns 

23 

TRANSFER command to 

RAS hold time 

l RTH 

80 


90 


100 


ns 

23 

TRANSFER command to 

CAS hold time 

X CTH 

30 


30 


35 


ns 

23 

TRANSFER command to SC lead time 

*TSL 

5 


5 


10 


ns 

23 

TRANSFER command to 

RAS lead time 

l TRL 

10 


10 


10 


ns 

23 

TRANSFER command to 

RAS delay time 

'trd 

15 


15 


20 


ns 

23 

TRANSFER command to CAS time 

*TCL 

10 


10 


10 


ns 

23 

TRANSFER command to 

CAS delay time 

l TCD 

15 


15 


20 


ns 

23 

First SC edge to TRANSFER 
command delay time 

*TSD 

10 


10 


20 


ns 

23 

CAS to first SC delay 

’rsd 


95 


105 


115 

ns 


RAS to first SC delay 

l CSD 


25 


35 


45 

ns 


SAM-TO-DRAM (WRITE) transfer 
command to RAS hold time 

*RTHW 

15 


15 


15 


ns 


Serial output buffer turn-off 
delay from RAS 

*SDZ 

10 

40 

10 

50 

10 

60 

ns 


SC to RAS setup time 

*SRS 

35 


40 


45 


ns 


RAS to SC delay time 

*SRD 

25 


30 


35 


ns 


Serial data input to SE delay time 

’SZE 

0 


0 


0 


ns 


RAS to SD buffer turn-on time 

l SRO 

0 


0 


0 


ns 


Serial data input delay from RAS 

*SDD 

50 


55 


60 


ns 


Serial data input to RAS delay time 

’szs 

0 


0 


0 


ns 


SERIAL INPUT MODE ENABLE 
(SE) to RAS setup time 

’esr 

0 


0 


0 


ns 


SERIAL INPUT MODE ENABLE 
(SE) to RAS hold time 

'reh 

15 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

'ys 

0 


0 


0 


ns 

24 

NONTRANSFER command 
to RAS hold time 

‘yh 

15 


15 


20 


ns 

24 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 3, 4, 5, 1 7, 25) (0° C < T^ < + 70°C, Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-10 

-12 

-15 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

'sc 

33 

50000 

40 

50000 

60 

50000 

ns 


Access time from SC 

'sac 


33 


40 


60 

ns 

25 

SC precharge time 

l SP 

10 


10 


20 


ns 


SC pulse width 

*SAS 

10 


10 


20 


ns 


Access time from SE 

'sea 


25 


30 


40 

ns 

25 

SE precharge time 

*SEP 

10 


15 


20 


ns 


SE pulse width 

*SE 

15 


15 


20 


ns 


Serial data out hold time after 

SC high 

'SOH 

10 


10 


10 


ns 

25 

Serial output buffer turn off 
delay from SE 

'SEZ 

0 

15 

0 

25 

0 

30 

ns 

25 

Serial data in setup time 

*SDS 

0 


0 


0 


ns 


Serial data in hold time 

l SDH 

15 


20 


25 




SERIAL INPUT (Write) Enable 
setup time 

*SWS 

0 


0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

*SWH 

20 


35 


45 


ns 


SERIAL INPUT (Write) Disable 
setup time 

'swis 

0 


0 


0 


ns 


SERIAL INPUT (Write) Disable 
hold time 

l SWIH 

20 


35 


45 


ns 
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NOTES 

All voltages referenced to Vss. 

Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles and 1 SC cycle, 
before proper device operation is assured. The RAS 
cycle wake-up should be repeated any time the 4ms 
static refresh require-ment is exceeded. 

AC characteristics assume *T = 5ns. 

Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 
Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, DRAM data output is high impedance. 

11. If CAS = Vil, DRAM data output may contain data 
from the last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as a 
reference point only; if *RCD is greater than the 
specified f RCD (MAX) limit, then access time is con- 
trolled exclusively by 4 CAC. 

14. *RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 


in EARLY WRITE cycles and to WE leading edge in 
LATE WRITE or READ-MODIFY-WRITE cycles. 

16. ^CS, *CWD and *RWD are restrictive operating 
parameters in READ- WRITE and READ-MODIFY- 
WRITE cycles only. If *WCS > HVCS (MIN), the cycle 
is an EARLY- WRITE cycle and the data output will 
remain open circuit throughout the entire cycle. 

If tWD > tWD (MIN) and fc RWD > fc RWD (MIN), 
the cycle is a READ- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out (at 
access time and until CAS goes back to Vih) is inde- 
terminate. If HVCS < HVCS, the cycle is a LATE 
WRITE [(ME) /WE falls after CAS] t WCS, t CWD and 
*RWD do not apply. 

17. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

18. Capacitance calculated from the equation C = IAt 

AV 

with AV = 3V and Vcc = 5V. This parameter is 
sampled. 

19. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for fcP. Note 8 applies to determine 
valid data out. 

20. Includes the OE delay time (30ns for the -10, 40ns for 
the -12, and 50ns for the -15). 

21. During a READ cycle, if OE is LOW then taken HIGH 
(Vih) DQ goes open. If OE is tied permanently LOW a 
READ-MODIFY-WRITE operation is not possible. 

22. Enables on-chip refresh and address counters. 

23. TRANSFER command means that TR/(OE) is LOW 
when RAS goes LOW. 

24. NONTRANSFER command means that TR/(OE) is 
HIGH when RAS goes LOW. 

25. Measured with a load equivalent to 2 TTL gates and 
50pF. 


1 . 

2 . 



4. 

5. 

6 . 

7. 

8 . 

9. 
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DRAM READ-WRITE CYCLE 

(READ-MODIFY-WRITE CYCLE and LATE-WRITE CYCLE) 



^ UNDEFINED 


NOTE: If ME/WE is LOW, a MASKED WRITE cycle will be performed. 
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l RCH-^ 

J 


I'!* - *RCS 
j l R 

■ 

SB 

1 

S 

1 

9| 


MBWE WHIM/. 

m 




w 





ML 



* 


DRAM PAGE-MODE EARLY-1 

tRASP 


tRCD | _ *CAS 


*ASR MRAHI | . l ASC ‘CAH 


ADDR \/]l 


COLUMN 

| f CWL 

t WCS > *WCH 

t W p 


I I twcR 

tPHR a 

l DS l DH 
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DRAM PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE CYCLE) 

'RASP 


'PRWC 

'CP , , 'CAS 


/ASR^ I t 'RAH JASC 

row \$777kt c 



( 'ASC ( 'CAH ( 


,'ASC ( ' 

:ah | 






miiA 

^ | COLUMN * 

wzl 

| COLUMN 




'MS b I I n 'mh 
MASK D in 


/VALIDYf VALID Y 

OUT A Din / 


/VALID\fVALID1r 

out A Din l 



'OE -► 

— 

- 'OD 

'OE -► 

— 

'od 

'OE 

* 

t 1 

mmmm 


r \ 


P \ 

L / 


1 . If ME/WE is LOW, a MASKED WRITE cycle will be performed. 

RA5-ONLY REFRESH CYCLE 

(ME/WE = Don't Care) 
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RAS 


CAS 


ADDR 


ME/WE 


SE 


SC 


SDQ 


TR/OE 


DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 



UNDEFINED 


NOTE: There must be no rising edges on the SC input during this time. 
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SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 



ADDR v|l 


ROW 

twRR I I tRWH 



NOTE 1 
\ 

l SRS I I 


tSDS 

1 


tSDS | 

j <SDH| 


* valid din * 

$ 


[ VALID D |N j 




DON’T CARE 
! UNDEFINED 


NOTE: 1 . If SE is LOW, the SAM data will be transferred to the DRAM. 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

3. There must be no rising edges on the SC input during this time. 




| MULTIPORT DRAM 


MICRON 

I TECHNOLOGY, INC. 


MT42C4064 



SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER or PSEUDO WRITE TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 



NOTE: 1 . If SE is LOW, the SAM data will be transferred to the DRAM. 

ILSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

3. There must be no rising edges on the SC input during this time. 
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SAM SERIAL INPUT 



SAM SERIAL OUTPUT 



|$S| UNDEFINED 
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VRAM 256K x 4 DRAM 

WITH 512 x 4 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 

• No refresh required for Serial Access Memory 

• Low power: 15mW standby; 275mW active, typical 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

OPTIONS 

• Timing (DRAM, SAM) 

80ns, 25ns 
100ns, 30ns 
120ns, 35ns 

• Packages 

Plastic SOJ DJ 

Plastic ZIP Z 

GENERAL DESCRIPTION 

The MT42C4255 is a high speed, dual port CMOS dy- 
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by a 4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Four 512-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom- 
plished using three separate bidirectional data paths: the 4- 
bit random access I/O port, the four internal 512 bit wide 
paths between the DRAM and the SAM, and the 4-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 


MARKING 

- 8 
-10 
-12 


PIN ASSIGNMENT (Top View) 


28-Pin SOJ 

(E-9) 


28-Pin ZIP 

(0-5) 


sc 

SDQ1 

_S_DQ2 

TR/0E 

DQ1 

DQ2 

ME/WE 

NC 

RAS 

A8 

A6 

A5 

A4 

Vcc 


Vss 

SDQ4 

SDQ3 

SE 

DQ4 

DQ3 

DSF 

CAS 

QSF 

AO 

A1 

A2 

A3 

A7 


1 

28 j] 

2 

27 ] 

3 

26 ] 

C 4 

25 ] 

5 

24 ] 

6 

23 ] 

7 

22 ] 

C 8 

21 ] 

[ 9 

20 ] 

[ 10 

19 ] 

C 11 

18 ] 

[ 12 

17 ] 

C 13 

16 ] 

[ 14 

15 ] 


DSF 

DQ4 

SDQ3 

Vss 

SDQ1 

TR/0E 

DQ2 

NC 

A8 

A5 

Vcc 

A3 

A1 

QSF 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 


2 DQ3 
4 SE 
6 SDQ4 
8 SC 
10 SDQ2 
12 DQ1 
14 ME/WE 
16 RAS 
18 A6 
20 A4 
22 A7 
24 A2 
26 AO 
28 CAS 


Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence) . Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C4255 is compat- 
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C4255 
offers several additional functions that may be used to 
increase system performance or ease critical timing require- 
ments. These "special functions" are described in detail in 
the following section. 


MT42C4255 
REV. 1/91 A 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

8 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the 

SAM registers. 

4 

11 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H -*• L), or 

Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in the High-Z state. 

7 

14 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: ME /WE is also used to select a READ 
(ME /WE = H) or WRITE (ME/WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 
WRITE TRANSFER (ME/WE = L). 

25 

4 

5E 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur; otherwise, 
the output buffers are in the High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a PSEUDO WRITE 

TRANSFER cycle is performed. 

22 

1 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (MASKED WRITE vs. PERSISTENT MASKED WRITE, 
etc.) are used on a particular access cycle. 

9 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row- 
address bits and as a strobe for the ME/WE, TR/OE, DSF, 
and DQ inputs. 

21 

28 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 9 
column-address bits and enable the DRAM output buffers (DQs) 
(along with TR/OE). 

19, 18, 17, 

16, 13, 12, 

11, 15, 10 

26, 25, 24, 
23, 20, 19, 

18, 22, 17 

AO to A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select 4 bits 
out of the 262,144 available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when 

RAS goes LOW) and the SAM start address (when CAS goes 
LOW). A8 = "don't care" for the start address when doing SPLIT 
TRANSFERS. 

5, 6, 23, 24 

12, 13,2,3 

DQ1 - DQ4 

Input/ 

Output 

DRAM Data I/O: Data Input/Output for DRAM cycles; inputs for 
the LOAD MASK REGISTER cycles. 

2, 3, 26, 27 

9, 10, 5,6 

SDQ1 - SDQ4 

Input/ 

Output 

Serial Data I/O: Input/Output for SAM access cycles or High-Z, 
whenSE = HIGH. 

20 

27 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address 0 to 255, HIGH if address 256 to 51 1 . 

8 

15 

NC 

- 

No Connect: This pin should be left either unconnected or tied 
to ground. 

14 

21 

Vcc 

Supply 

Power Supply: +5V ±10% 

28 

7 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT42C4255 may be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the serial access memory (SAM). All of the operations 
described below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TR/( OE). 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C4255 VRAM 
must be refreshed to retain data. All 512 row-address 
combinations must be accessed within 8ms. The MT42C4255 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) af ter a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C4255 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 


care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the VRAM has several special functions 
that can be used when writing to the DRAM. 

The 18 address bits that are used to select a 4-bit word 
from the 26 2,144 ava ilable are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the 9 row-address 
bits are se t-up o n the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 9 
column-address bits are set-up on the address inputs and 
clocked-in when CAS goes fr om H IGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access or TRANS- 
FER cycles. (TR)/OE must be HIGH at the RAS HIG H-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The 
(TR)/OE inp ut mu st transition from HIGH to LOW 
sometime after RAS falls to enabl e the DRAM output port. 

For single port normal DRAMs, WE is a "don't care" when 
RAS goes LOW. For the VRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME /(WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME / (WE) must be HIGH at the RASH IGH-to-LOW 
transition. If (ME) /WE is LOW before CAS goes LOW, a 
DRAM EARLY- WRITE operation is performed and the 
data present on the DQ1-DQ4 d ata p ort will be written into 
the se lected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIFY -WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NONPERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY- WRITE cycle when changing only specific 
bits within a 4-bit word. The MT42C4255 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASK ED WRITE. 

If ME / (WE) and DSF are LOW at the RAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per- 
formed and the data (mask data) present on the DQ1-DQ4 
inputs will be written into the mask data register. The mask 
data acts as an individual WRITE ENABLE for each of the 
four DQ1-DQ4 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 
the following WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1") on a 
mask data register bit enables the input port and allows 


normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQ1- 
DQ4 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW). 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is non-persistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col- 
umn locations in an addressed row. The same mask is used 
during the entire FAST-P AGE-MODE RAS cycle. An ex- 
ample NONPERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 


◄ — NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE 



STORED 

DATA 

_ 0 _ 

_ 0 _ 

BEFORE 


MASK 

0 

1 

0 

1 


INPUT 

-> X 
-> 0 -■ 
-> X 
-> 1 -- 


ADDRESS 0 


STORED 

DATA 


AFTER 


1 



0 

_ 0 _ 



_ 0 _ 

_ 0 _ 



_ 0 _ 

1 



0 


STORED MASK 
DATA (RE-WRITE) 
1 


BEFORE 


-> 

-> 

-> 

-> 


INPUT 

1 - 

X 

X 

1 - 


ADDRESS 1 


STORED 

DATA 


AFTER 


X = NOT EFFECTIVE (DON’T CARE) 


m 


DON’T CARE 


Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME /(WE) 
and DSF HIGH when RAS goes L OW. T he mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform- 
ing a NONPERSISTENT MASKED WRITE before the 
PERSISTENT MASKED WRITE. 

PERSISTENT MASKED WRITE cycles may then be per- 
formed by taking ME/ (WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE, the data present 
on the DQ inputs is not loaded into the mask register when 
RAS falls, and the mask data register will not be cleared at 
the end of the cycle. Any number of PERSISTENT MASKED 
WRITE cycles, to any address, may be performed without 
having to reload the mask data register. Figure 3 shows the 
LOAD MASK REGISTER and two PERSISTENT MASKED 
WRITE cycles in operation. The LOAD MASK REGISTER 
and PERSISTENT MASKED WRITE cycles allow control- 
lers that cannot provide mask data to the DQ pins at RAS time 
to perform MASKED WRITE operations. PERSISTENT 
MASKED WRITE operations can be performed during 


FAST PAGE MODE and the same mask will apply to all 
addressed columns in the addressed row. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combi natio n of TR/(OE), ME/(WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data register 
is disabled but not modified. The contents of mask data 
register will not be changed unless NONPERSISTENT 
MASKED WRITE or LOAD MASK REGISTER cycles 
are performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE cycles to selectively enable writes 
to the four DQ planes. 


RAS 


CAS 


ME/WE 


DSF 


◄— LOAD MASK REGISTER — ► ◄ PERSISTENT MASKED WRITE ► + PERSISTENT MASKED WRITE 
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Figure 3 

PERSISTENT MASKED WRITE EXAMPLE 
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TRANSFER OPERATIONS 

TRANSFER operations are initiated when TR/(OE) is 
LOW then RAS goes LOW. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 


plished two ways. If the transfer is to be synchronized with 
SC (REAL- TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with S C (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal 9-bit register. QSF will be LOW if access 
is from the lower half (addresses 0 through 255), and HIGH 
if access is from the upper half (256 through 51 1 ) . If SE is LOW, 
the first bits of the new row data will appear at the serial 
outputs with the first SC clock pulse. SE enables the serial 
outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW-to-HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 



sc 


Output 

QSF 



I 


I 




X 


y}pc 


IS 

-ff- 


SiS 


(NORMAL) READ TRANSFER 

FROM: ROW 0 
TO: FULL SAM 

SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 


I SPLIT READ TRANSFER | 

1 FROM: ROW 0 1 

1 TO: UPPER SAM, 1 

1 TAP ADDRESS = 0 1 

1 SERIAL OUTPUT FROM 1 

1 LOWER SAM CONTINUES 1 


SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 


teDCZDC 

ROW 0 

-S\S 

V 

I 

I SPLIT READ TRANSFER 

1 FROM: ROW 1 

1 TO: LOWER SAM, 

1 TAP ADDRESS = 0 TO 255 

1 SERIAL OUTPUT FROM 

1 UPPER SAM CONTINUES 

1 (QSF REMAINS HIGH) 


\ 77 \ DON'T CARE 


Figure 5 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream. When using normal TRANSFER cycles, 
the REAL-TIME READ TRANSFER cycle has to occur im- 
mediately after the last bit of "old data" was clocked out of 
the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin. Then SPLIT READ TRANSFERS maybe initiated by 
taking DSF HIGH when RAS goes LOW during the 
TRANSFER cycle. As in non-split transfers, the row address 
is used to specify the DRAM row to be transferred. The 
column address, A0-A7, is used to input the SAM Tap 
address. Address pin A8 is a "don't care" when the Tap 
address is loaded at the HIGH to LOW transition of CAS. It 
is internally generated so that the SPLIT TRANSFER will be 
to the SAM half not currently being accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia- 
tion sequence. The normal READ TRANSFER is first per- 
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 255 
("A8"=0, A0-A7=l) the new Tap address is loaded for the 
next half ("A8"=l, A0-A7=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. 


WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad- 
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM I/O buffers to the input mode. QFS is 
LOW if access is to the lower half of the SAM, and HIGH if 
access is to the upper half. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER is a WRITE TRANSFER with SE held HIGH 
instead of LOW. The DRAM data will not be disturbed and 
the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGHand (ME)/WE is LOW when RAS goes LOW, al- 
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms, the MT42C4255 must be initial- 
ized. 

After Vcc is at specified operating conditions, for lOOps 
minimum, 8 RAS cycles and 1 SC cycle must be executed to 
initialize the memory array. When the device is initialized, 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain ran- 
dom data. 

The SAM portion of the MT42C4255 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the l/0_pins (SDQ’s) will be 
High- Z, regardless of the state of SEa,b. The mask register 
will contain random data after power-up. 
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TRUTH TABLE 


CODE 

FUNCTION 

MS FALLING EDGE 

A0-A8 1 

DQ1 - DQ4 2 

MASK REGISTER 

HAS 

TR/BF 

mim 

DSF 

SE 

RAS 

HAS' 

A8=X 

RAS 

CAS 3 


DRAM OPERATIONS 











CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

X 

X 

X 

— 

X 

— 

X 

X 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

X 

ROW 

— 

X 

— 

X 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

X 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

1 

1 

0 

0 

X 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 

USE 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

1 

1 

0 

1 

X 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 


REGISTER OPERATIONS 











LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

X 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 


TRANSFER OPERATIONS 











RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

X 

ROW 

TAP 5 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

X 

ROW 

TAP 5 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

ROW 

TAP 5 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 

1 

0 

0 

0 

1 

ROW 4 

TAP 5 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

1 

0 

0 

1 

X 

ROW 

TAP 5 

X 

X 

X 


NOTE: 


1 . These columns show what must be present on the A0-A8 inputs when RAS falls and when CAS falls. 

2. These columns show what must be present on the DQ1 -DQ4 in puts w hen RAS falls and when CAS falls. 

3. On WRITE cycles, the input data is latched at the falling edge of CAS or ME/WE , whichev er is later. 
Similarly, on READ cycles, the output data is latched at the falling edge of CAS or TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the first SAM address location that the first SC cycle will access. For Split SAM transfers, the Tap 
will be the first address location accessed of the "new" SAM half after the boundary of the current half is 
reached (255 for lower half, 51 1 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 



’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0V<Vin<Vcc), all other pins not under test = 0V) 

II 

-10 

10 

HA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V<Vout<Vcc) 

loz 

-10 

10 

HA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 5mA) 

VOL 


0.4 

V 

1 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


8 

pF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

pF 

2 

Output Capacitance: QSF 

Co 


9 

PF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

90 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

70 

60 

50 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC3 

10 

10 

10 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

ICC4 

90 

80 

70 

mA 

3 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

ICC5 

80 

70 

60 

mA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC6 

95 

85 

75 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (‘SC = MIN) 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC7 

130 

120 

110 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC8 

110 

100 

90 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC9 

50 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

Iccio 

130 

120 

110 

mA 

3,4 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

Icci 1 

120 

110 

100 

mA 

3,4,5 

SAM/DRAM DATA TRANSFER 

Icci 2 

135 

125 

115 

mA 

3,4 
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DRAM TIMING PARAMETERS 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C < T^< +70°C; Vcc = 5.0V ± 10%) 




i 


A.C. CHARACTERISTICS 


-8 

-10 

-J2 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 



180 


210 


ns 


READ-MODIFY-WRITE cycle time 

*RWC 









FAST-PAGE-MODE READ or WRITE 
cycle time 

'pc 







£1 

| 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

tPRWC 








■ 

Access time from RAS 

MET. 


80 




120 



Access time from CAS 





30 


35 

1 

mm 

Access time from (TR)/OE 

l OE 


20 


25 


30 

1 


Access time from column address 



40 


50 


60 



Access time from CAS precharge 



45 


55 


65 

HI 


RAS pulse width 


80 


IISIM 






RAS pulse width (FAST PAGE MODE) 

'rasp 

80 




120 




RAS hold time 


25 


30 




1 


RAS precharge time 

■ 

60 


70 


80 




CAS pulse width 




30 




1 


CAS hold time 

HSS 

80 








CAS precharge time 

HBEM 

15 


K9i 




Hi 

16 

CAS precharge time (FAST PAGE MODE) 

■ . > 



mm 


mm 




RAS to CAS delay time 

HfttbH 

20 


20 

70 

am 

85 


17 


KSETsM 

5 


5 


10 


hessh 



■rishin 

0 


0 


0 




Row address hold time 


12 


15 




hbhh 


RAS to column 
address delay time 

t RAD 

17 

40 

20 

50 



Q 


Column address setup time 

'asc 

0 


0 


0 


■ 


Column address hold time 

{ CAH 

20 


20 


25 


HH 

jjgjHH 

Column address hold time 
(referenced to RAS) 

X AR 

60 


70 




Hi 

H 

Column address to 

RAS lead time 

*RAL 

40 


50 




m 

H 

Read command setup time 

'rcs 

0 


0 


0 


Hi 


Read command hold time 

(referenced to CAS) 

'rch 

0 


0 




ns 

19 

Read command hold time 

(referenced to RAS) 

t RRH 



0 





19 



0 


0 


0 




Output buffer turn-off delay 


0 

20 

0 

20 

0 

30 

ns 

20, 23 

Output Disable 

x OD 

0 

20 

0 

20 

0 

30 

ns 

23 

Output Disable hold time from start of write 

x OEH 


15 


15 


20 

ns 

27 

Output Enable to RAS delay 

'ORD 


0 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

! WCS 

0 


0 


0 


ns 

21 

Write command hold time 

*WCH 

15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

60 


70 


85 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

X C\NL 

20 


20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

20 


20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t DHR 

60 


70 


90 


ns 


RAS to WE delay time 

t RWD 

110 


130 


160 


ns 

21 

Column address 
to WE delay time 

X A\ND 

70 


80 


100 


ns 

21 

CAS to WE delay time 

l CWD 

55 


60 


65 


ns 

21 

Transition time (rise or fall) 

•t 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

X REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

l CHR 

30 


30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 

'rwh 

12 


15 


15 


ns 


Mask Data to RAS setup time 

'ms 

0 


0 


0 


ns 


Mask Data to RAS hold time 

t MH 

12 


15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7 , 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V + 1 0%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to 

RAS setup time 

*TLS 

0 


0 


0 


ns 

25 

TRANSFER command to RAS hold time 

VlH 

12 

10,000 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ TRANSFER only) 

l RTH 

70 

10,000 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ TRANSFER only) 

l CTH 

20 


25 


30 


ns 

25 

TRANSFER command to column address hold 
time (for REAL TIME READ TRANSFER only) 

l ATH 

25 


30 


35 


ns 

25 

TRANSFER command to SC lead time 

‘tsl 

5 


5 


5 


ns 

25 

TRANSFER command to 

RAS lead time 

'trl 

0 


0 


0 


ns 

25 

TRANSFER command to 

RAS delay time 

l TRD 

15 


15 


15 


ns 

25 

TRANSFER command to CAS time 

’tcl 

0 


0 


0 


ns 

25 

TRANSFER command to 

CAS delay time 

'tcd 

15 


15 


15 


ns 

25 

First SC edge to TRANSFER 
command delay time 

VsD 

10 


10 


10 


ns 

25 

Serial output buffer turn-off 
delay from RAS 

*SDZ 

10 

35 

10 

40 

10 

50 

ns 


SC to RAS setup time 

*SRS 

30 


30 


40 


ns 


RAS to SC delay time 

l SRD 

20 


25 


30 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


0 


ns 


RAS to SD buffer turn-on time 

*SRO 

10 


15 


15 


ns 


Serial data input delay from RAS 

X SDD 

45 


50 


55 


ns 


Serial data input to RAS delay time 

l szs 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

’esr 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

t REH 

12 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

Vs 

0 


0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

Vh 

12 


15 


15 


ns 

26 

DSF to RAS setup time 

¥sr 

0 


0 


0 


ns 


DSF to RAS hold time 

! rfh 

12 


15 


15 


ns 


SC to QSF delay time 

*SQD 


25 


30 


35 

ns 


SPLIT TRANSFER setup time 

'STS 

30 


35 


40 


ns 


SPLIT TRANSFER hold time 

*STH 

30 


35 


40 


ns 


RAS to QSF delay time 

'rod 


65 


85 


105 

ns 


TR/OE to QSF delay time 

‘tqd 


25 


30 


35 

ns 


CAS to QSF delay time 

( CQD 


35 


40 


45 

ns 


RAS to first SC delay 

'rsd 

80 


95 


105 


ns 


CAS to first SC delay 

>CSD 

20 


25 


35 


ns 


Column address valid to first SC delay 

'ASD 

45 


55 


65 


ns 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

l sc 

25 


30 


35 


ns 


Access time from SC 

’sac 


25 


30 


35 

ns 

24 

SC precharge time (SC LOW time) 

’sp 

10 


10 


12 


ns 


SC pulse width (SC HIGH time) 

*SAS 

10 


10 


12 


ns 


Access time from SE 

’sea 


15 


20 


30 

ns 

24 

SE precharge time 

’SEP 

10 


15 


15 


ns 


SE pulse width 

X SE 

10 


15 


15 


ns 


Serial data-out hold time after 

SC high 

t SOH 

5 


5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

l SEZ 

0 

12 

0 

15 

0 

25 

ns 

24 

Serial data-in setup time 

*SDS 

0 


0 


0 


ns 

24 

Serial data-in hold time 

*SDH 

10 


15 


20 


ns 

24 

SERIAL INPUT (Write) Enable 
setup time 

*SWS 

0 


0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

*SWH 

10 


15 


20 


ns 


SERIAL INPUT (Write) Disable 
setup time 

l SWIS 

0 


0 


0 


ns 


SERIAL INPUT (Write) Disable 
hold time 

! swih 

10 


15 


20 


ns 
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NOTES 



1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 5V. 

AV 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles and 1 SC cycle 
before proper device operation is assured. The eight 
RAS cycle wake-up should be repeated any time the 
8ms refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate 
specification, all input signals must transit between 
Vih and Vil (or between Vil and Vih) in a monotonic 
manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ4) is high 
impedance. 

12. If CAS = Vil, DRAM data output (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load 
equivalent to 2 TTL gates and lOOpF. Output 
reference levels: Voh = 2.4V; Vol = 0.4V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for l CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if e RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 


a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, t RWD, *AWD and tWD are restrictive 
operating parameters in LATE- WRITE, READ- 
WRITE and READ-MODIFY-WRITE cycles only. If 
l WCS > HVCS (min), the cycle is an EARLY-WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle, regardless of TR/OE. If 
HVCS < t WCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If *RWD > f RWD 
(MIN), l AWD > l AWD (MIN) and *CWD > *CWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and t OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/ WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/ OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 2 TTL gate and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NONTRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after t OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 
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DRAM FAST-PAGE-MODE READ CYCLE 



UNDEFINED 


NOTE: WRITE or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 


LOGIC STATES 

FUNCTION 

RAS Falling Edge 

CAS Falling Edge 

A 

ME/WE 

B 

DSF 

c 

DQ (Input) 

D 

DQ (Input) 

1 

0 

X 

DRAM 

Data 

Normal DRAM WRITE 

0 

0 

Write 

Mask 

DRAM 

Data (Masked) 

NONPERSISTENT (Load and Use Register) 

MASKED WRITE to DRAM 

0 

1 

X 

DRAM 

Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

1 

1 

X 

Write 

Mask 

Load Mask Register 


NOTE: Refer to this function table to determine the logic states of “A”, “B”, “C”, and “D” for the WRITE cycle timing 
diagrams on the following pages. 
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DRAM EARLY-WRITE CYCLE 



DON’T CARE 
W UNDEFINED 


NOTE: The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 


6 






DRAM LATE-WRITE CYCLE 



NOTE: The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 



1 *ASR 

*RAD 

f RAH 


l ASC 


tCAH 



l ASC 

{ CAH 



l ASC 

l RAL 

tCAH 
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( DON’T CARE 
UNDEFINED 


NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in 
FAST PAGE MODE. 

2. The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. 

Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) 


(REFRESH) 


RAS 


CAS 


ADDR 


ME/WE 


DSF 


DQ 


TR/OE 



NOTE: A HIDDEN REFRESH may also be 

= LOW (when CAS goes LOW) and TR/OE = 
LOW) and the DQ Dins stav Hiah-Z durina 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT undefined 

ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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NOTE: 


WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



IfSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC 
regardless of the state of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



[jjjjjjj UNDEFINED 


1 . SE must be LOW to input new serial data, but the serial address register is incremented by SC 
regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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1 WSR tRWH 


*RAL 

‘CAH 




‘FSR l RFH 




TR/OE V|L_ / 


qsf v§r*= 



, 

‘SRD 

‘sp 

‘sc 

‘SA 

9 

^ NOTE 2 \[ 







NOTE: 1 . SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of the state of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Uooer SAM (bits 256-511) is beina accessed. 
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PRELIMINARY 



MT42C4256 


VRAM 256K x 4 DRAM 

WITH 512 x 4 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 

• No refresh required for Serial Access Memory 

• Low power: 15mW standby; 275mW active, typical 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

• BLOCK WRITE 


OPTIONS 

• Timing (DRAM, SAM) 
80ns, 25ns 

100ns, 30ns 
120ns, 35ns 

• Packages 
Plastic SOJ 
Plastic ZIP 


MARKING 

- 8 
-10 
-12 


DJ 

Z 


GENERAL DESCRIPTION 

The MT42C4256 is a high-speed, dual port CMOS dy- 
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed by a 4- 
bit wide DRAM port or by a 51 2 x 4-bit serial access memory 
(SAM) port. Data may be transferred bidirectionally be- 
tween the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Four 512-bit data 
registers make up the SAM portion of the VRAM. Data I/O 
and internal data transfer are accomplished using three 
separate bidirectional data paths; the 4-bit random access 
1/ O port, the four internal 512 bit wide paths between the 
DRAM and the SAM, and the 4-bit serial I/O port for the 


PIN ASSIGNMENT (Top View) 

28-Pin SOJ 

28-Pin ZIP 



(E-9) 


(C-5) 


— 



DSF 1 

f5~~- 


set 

1 

28 

] Vss 



2 DQ3 

SDQ1 [ 

2 

27 

] SDQ4 

DQ4 3 


4 SE 

SDQ2 [ 

3 

26 

] SDQ3 

SDQ3 5 



TR/0E [ 

4 

25 

3 SE 

Vss 7 

r _ 

6 SDQ4 

DQ1 [ 

5 

24 

] DQ4 



8 SC 

DQ2 [ 

6 

23 

] DQ3 


"7 

10 SDQ2 

ME/WE [ 

7 

22 

] DSF 

TR/0E 11 



NC [ 

8 

21 

] CAS 

DQ2 13 

::7 


RAS[ 

9 

20 

] QSF 

NC 15 


14 ME/WE 

A8[ 

10 

19 
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16 RAS 
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11 

18 

] A1 
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18 A6 
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12 

17 
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13 

16 
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14 

15 
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:: 
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: Zi 







;; 

24 A2 





A1 25 








: - 

26 A0 





QSF 27 

:ii 







L-LI 

28 CAS 


SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The re fresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C4256 is compat- 
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C4256 
offers several additional functions that may be used to 
increase system performance or ease critical timing require- 
ments. These "special functions" are described in detail in 
the following sections. 


MT42C4256 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

8 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the 

SAM registers. 

4 

11 

tr/oe 

Input 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H — L), or 

Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in a High-Z state. 

7 

14 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ 
(ME/WE = H) or WRITE (ME/WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 
WRITE TRANSFER (ME/WE = L). 

25 

4 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 
ENABLE cycle is performed. 

22 

1 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used on a particular access cycle. 

9 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row- 
address bits and as a strobe for the ME/WE, TR/OE, DSF, SE, 
CAS and DQ inputs. 

21 

28 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 9 
column-address bits, enable the DRAM output buffers 
(along with TR/OE), and as a strobe for the DSF input. 

19, 18, 17, 
16, 13, 12, 
11, 15, 10 

26, 25, 24, 
23, 20, 19, 

18, 22, 17 

AO to A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when 

RAS goes LOW) and the SAM start address (when CAS goes 
LOW). 

5, 6, 23, 24 

12, 13, 2,3 

DQ1 - DQ4 

Input/ 

Output 

DRAM Data I/O: DRAM input/Output for DRAM cycles; inputs for 
Mask Data Register and Color Register load cycles, and Bit and 
Column Mask inputs for BLOCK WRITE. 

2, 3, 26, 27 

9, 10,5,6 

SDQ1 - SDQ4 

Input/ 

Output 

Serial Data I/O: Input, output, or High-Z. 

20 

27 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-51 1 . 

8 

15 

NC 

- 

No Connect: This pin should be left either unconnected or tied 
to ground. 

14 

21 

Vcc 

Supply 

Power Supply: +5V ±10% 

28 

7 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT42C4256 may be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TR/( OE). 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C4256 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within 8ms. The MT42C4256 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address mu st be generated externally and 
applied to A0-A8 inputs for RAS-ONLY refres h cycl es. The 
DQ pins r emain in a High-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS refresh cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) af ter a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C4256 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 


"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has several special func- 
tions that can be used when writing to the DRAM. 

The 18 address bits that are used to select a 4-bit word 
from the 262,144 available are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set up on the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 9 
column address bits a re set up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don’t care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/ OE selects between DRAM access or TRANS- 
FER cycles. (TR)/OE must be HIGH at the RAS HI GH-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The (TR)/ 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE is a "don’t care" when 
RAS goes LOW. For the VRAM, ME /(WE) is used, when 
RAS goes LOW, to select betwee n a MASKE D WRITE cycle 
and a normal WRITE cycle. If ME/ (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM acc ess cy cle (READ or 
WRITE), ME / (WE) must be HIGH at the RASH IGH-to-LOW 
transition. If (ME) /WE is LOW before CAS goes LOW, a 
DRAM EARLY- WRITE operation is performed and the 
data present on the DQ1-DQ4 data port will be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIFY -WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NON PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY- WRITE cycle when changing only specific 
bits within a 4-bit word. The MT42C4256 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE) and DSF are LOW at the RAS HIGH to LOW 
transition, a NONPERSISTENT MASKED WRITE is per- 
formed and the data (mask data) present on the DQ1-DQ4 
inputs will be written into the mask data register. The mask 
data acts as an individual write enable for each of the four 
DQ1-DQ4 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 
the following WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic " 1 ") on 
a mask data register bit enables the input port and allows 


normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQ1- 
DQ4 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW). 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is nonpersistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col- 
umn locations in an addressed row. The same mask is used 
during the entire FAST-P AGE-MODE RAS cycle. An ex- 
ample NON PERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 


◄ — NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE ► 


RAS \ / \ / 





CAS 

\ 

/ 

\ 

K / 





MF/WF \ 

Mlh 

M7M/K 

m/h. 

/////////// 

DSF 
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1 

0 
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0 

1 

1 

0 

— > 
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0 

0 

0 
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_ 0 _ 



_ 0 _ 

0 

1 

1 

— > 

1 



_ 0 _ 


AFTER 


STORED 

DATA 
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(RE-WRITE) 

0 

1 

0 
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-1 > 

X 

1 > 

AFTER 


0 _ 

_ 1 _ 

0 _ 
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ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 


7//\ DON’T CARE 
UNDEFINED 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycl e is p erformed by taking ME /(WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform- 
ing a NONPERSISTENT MASKED WRITE cycle before the 
PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per- 
formed by taking ME/ (WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 


present on t he DQ inputs is not loaded into the mask 
register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS- 
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 3 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED WRITE 
operations. PERSISTENT MASKED WRITE operations may 
be performed during FAST PAGE MODE cycles and the 
same mask will apply to all addressed columns in the 
addressed row. 


RAS 


CAS 


ME/WE 


DSF 


<«- LOAD MASK REGISTER — ► ◄ PERSISTENT MASKED WRITE ► ◄ PERSISTENT MASKED WRITE 
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REG. 


INPUT STORED 

DATA 

x nr 

i j_ 

X _0_ 

i [T 

AFTER 


ADDRESS 0 


ADDRESS 1 
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Figure 3 

PERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A8 at CAS) 



Figure 4 

BLOCK WRITE EXAMPLE 


BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C4256 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 4). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle, 
however when CAS goes LOW only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs are then used 


to determine what combination of the four column locations 
will be changed. DQ1 acts as a write enable for column 
location A0=0, A1=0; DQ2 controls column location A0=1, 
A1=0; DQ3 controls A0=0, Al=l; and DQ4 controls A0=1, 
Al=l. The write enable controls are active HIGH; a logic 1 
enables and a logic 0 disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
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NONPERSISTENT MASKED BLOCK WRITE 



The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON- 
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, the combina- 
tion of ME / (WE) LOW and DSF LOW when R AS goes LOW 
initiates a NONPERSISTENT MASKED cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform the 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 


PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSI STEN T MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 


LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 


comb inatio n of TR/(OE), ME/ (WE), and DSF being HIGH 
when RAS goes LOW indicate s the cycle is a LOAD REG- 
ISTER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a 
NONPERSISTENT MASKED WRITE cycle or a 
LOAD MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 


TRANSFER operations are initiated when TR/ (OE) is 
LOW then RAS goes LOW. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 


plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with S C (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal 9-bit register. QSF will be LOW if access 
is from the lower half (addresses 0 through 255), and HIGH 
if access is from the upper half (256 through 51 1 ) . If SE is LOW, 
the first bits of the new row data will _appear at the serial 
outputs with the first SC clock pulse. SE enables the serial 
outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW-to-HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 
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TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also r elaxe d for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin and set SAM I/O direction. Then SPLIT READ 
TRANSFERS maybe initiated by taking DSF HIGH when 
RAS goes LOW during the TRANSFER cycle. As in non split 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, A0-A7, is used to 
input the SAM tap address. Address pin A8 is a "don't care" 
when the Tap ad dress is loaded at the HIGH to LOW 
transition of CAS. It is internally generated so that the SPLIT 
TRANSFER will be to the SAM half not currently being 
accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia- 
tion sequence. The normal READ TRANSFER is first per- 
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 255 
("A8"=0, A0-A7=l) the new Tap address is loaded for the 
next half ("A8"=l, A0-A7=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. If the half boundry is reached, 
before a SRT is done for the next half, a Tap address of "0" 
will be used. Access will start at 0 if going to the lower half, 
256 if going to the upper. See Figure 6. 


WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER describe d prev iously except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad- 
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM I/O buffers to the input mode. QFS is 
LOW if access is to the lower half of the SAM, and HIGH if 
access isto the upper half. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis- 
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGHand (ME) /WE is LOW when RAS goes LOW, al- 
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER-UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms, the MT42C4256 must be initial- 
ized. 

After Vcc is at specified operating conditions, for lOOps 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain ran- 
dom data. QSF will be drawing data. 

The SAM portion of the MT42C4256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and thel/O pins (SDQs) will be High- 
Z, regardless of the state of SEa,b. The mask and color reg- 
ister will contain random data after power-up. 


0 TAP 255 256 511 




! I 




Star! Split ' 

NO SRT ‘ 



NO SRT 


Figure 6 

SPLIT SAM TRANSFER 
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TRUTH TABLE 


CODE 

FUNCTION 

RAS FALLING EDGE 

CAS FALL 

A0-A8 1 

DQ1 - DQ4 2 

REGISTERS 

IAS 

TR/TiT 

ME /WE 

DSF 

SE 

DSF 

RAS 

ias 

RAS 

IAS 3 

WE 

MASK 

COLOR 

DRAM OPERATIONS | 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

1 

X 

X 

X 

— 

X 

— 

X 

X 

X 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

X 

— 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

X 

0 

ROW 

COLUMN 

X 

VALID 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

1 

1 

0 

0 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

1 

1 

0 

1 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM (NO DATA MASK) 

1 

1 

1 

0 

X 

1 

ROW 

COLUMN 
(A2 - A8) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) MASKED 

BLOCK WRITE TO DRAM 

1 

1 

0 

0 

X 

1 

ROW 

COLUMN 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASKED REGISTER) MASKED BLOCK 
WRITE TO DRAM 

1 

1 

0 

1 

X 

1 

ROW 

COLUMN 
(A2 - A8) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS | 

LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

X 

0 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

1 

1 

1 

1 

X 

1 

ROW 4 

X 

X 

COLOR 

DATA 

X 

LOAD 

TRANSFER OPERATIONS 


RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

ROW 

TAP 5 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 

1 

0 

0 

0 

1 

X 

ROW 4 

TAP 5 

X 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

1 

0 

0 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 


NOTE: 


1 . These columns show what must be present on the A0-A8 inputs when RAS falls and when CAS falls. 

2. These columns show what must be present on the DQ1 -DQ4 in puts w h en RAS f alls and when CAS falls. 

3. On WRITE cycles, the input data is latched at th e f alling ed ge of CAS or ME/WE, whichever is later. Similarly, on READ cycles, the 
output data is latched at the falling edge of CAS or TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the SAM location that the first SC cycle will access. For Split SAM transfers, the Tap will be the first address location accessed of 
the “new” SAM half after the boundary of the current half is reached (255 for lower half, 51 1 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta( Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

HHH Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0V<Vin<Vcc), all other pins not under test = 0V) 

lL 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V<Vout<Vcc) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 2.5mA) 

VOL 


0.4 

V 

1 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


8 

pF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

pF 

2 

Output Capacitance: QSF 

Co 


9 

pF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

90 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

70 

60 

50 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC3 

10 

10 

10 

mA 


REFRESH CURRENT : RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

ICC4 

90 

80 

70 

mA 

3 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

ICC5 

80 

70 

60 

mA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC6 

95 

85 

75 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (‘SC = MIN) 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC7 

130 

120 

110 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CA5 = Cycling: 'PC = 'PC (MIN)) 

ICC8 

110 

100 

90 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC9 

50 

45 

40 

mA 

3,4 

REFRESH CURRENT : RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

Iccio 

130 

120 

110 

mA 

3,4 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

Icci 1 

120 

110 

100 

mA 

3, 4,5 

SAM/DRAM DATA TRANSFER 

Icci 2 

135 

125 

115 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

150 


180 


210 


ns 


READ-MODIFY-WRITE cycle time 

l RWC 

205 


235 


280 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

t PC 

45 


55 


65 


ns 


FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

tPRWC 

100 


110 


140 


ns 


Access time from RAS 

l RAC 


80 


100 


120 

ns 

14 

Access time from CAS 

*CAC 


20 


25 


30 

ns 

15 

Access time from (TR)/OE 

*OE 


20 


25 


30 

ns 


Access time from column address 

*AA 


40 


50 


60 

ns 


Access time from CAS precharge 

*CPA 


45 


55 


65 

ns 


RAS pulse width 

*RAS 

80 

10,000 

100 

10,000 

120 

10,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

t RSH 

20 


25 


30 


ns 


RAS precharge time 

t RP 

60 


70 


80 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

30 

10,000 

ns 


CAS hold time 

t CSH 

80 


100 


120 


ns 


CAS precharge time 

*CPN 

15 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


15 


ns 


RAS to CAS delay time 

'rcd 

20 

55 

20 

70 

25 

85 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


10 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

12 


15 


15 


ns 


RAS to column 
address delay time 

t RAD 

17 

40 

20 

50 

20 

60 

ns 

18 

Column address setup time 

’asc 

0 


0 


0 


ns 


Column address hold time 

t CAH 

20 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

60 


70 


85 


ns 


Column address to 

RAS lead time 

{ RAL 

40 


50 


60 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'rch 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

x OFF 

0 

20 

0 

20 

0 

30 

ns 

20, 23 

Output Disable 

x OD 

0 

20 

0 

20 

0 

30 

ns 

23 

Output Disable hold time from start of write 

x OER 


15 


15 


20 

ns 

27 

Output Enable to RAS delay 

l ORD 


0 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

! wcs 

0 


0 


0 


ns 

21 

Write command hold time 

l \NCH 

15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

60 


70 


85 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


25 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

20 


20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

l DHR 

60 


70 


90 


ns 


RAS to WE delay time 

t RWD 

110 


130 


160 


ns 

21 

Column address 
to WE delay time 

*AWD 

70 


80 


100 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'ref 


8 


8 


8 

ms 


RAS to CAS precharge time 

t RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

l CHR 

30 


30 


30 


ns 

5 

ME/WE to RAS setup time 

l WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 

*RWH 

12 


15 


15 


ns 


Mask Data to RAS setup time 

l MS 

0 


0 


0 


ns 


Mask Data to RAS hold time 

l MH 

12 


15 


15 


ns 




3-75 


MULTIPORT DRAM 




MULTIPORT DRAM 


PRELIMINARY 


MICRON 

I TECHNOLOGY, INC. 


MT42C4256 


TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to RAS setup time 

CO 

_i 

i- 

0 


0 


0 


ns 

25 

TRANSFER command to RAS hold time 

'tlh 

12 

10,000 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ TRANSFER only) 

*RTH 

70 

10,000 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ TRANSFER only) 

*CTH 

20 


25 


30 


ns 

25 

TRANSFER command to column address hold 
time (for REAL-TIME READ TRANSFER only) 

*ATH 

25 


30 


35 


ns 

25 

TRANSFER command to SC lead time 

'tsl 

5 


5 


5 


ns 

25 

TRANSFER command to RAS lead time 

*TRL 

0 


0 


0 


ns 

25 

TRANSFER command to RAS delay time 

l TRD 

15 


15 


15 


ns 

25 

TRANSFER command to CAS time 

l TCL 

0 


0 


0 


ns 

25 

TRANSFER command to CAS delay time 

{ TCD 

15 


15 


15 


ns 

25 

First SC edge to Transfer 
command delay time 

*TSD 

10 


10 


10 


ns 

25 

Serial output buffer turn-off 
delay from RAS 

*SDZ 

10 

35 

10 

40 

10 

50 

ns 


SC to RAS setup time 

*SRS 

30 


30 


40 


ns 


RAS to SC delay time 

*SRD 

20 


25 


30 


ns 


Serial data input to SE delay time 

’SZE 

0 


0 


0 


ns 


RAS to SD buffer turn-on time 

’SRO 

10 


15 


15 


ns 


Serial data input delay from RAS 

*SDD 

45 


50 


55 


ns 


Serial data input to RAS delay time 

'szs 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

l ESR 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

l REH 

10 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

‘ys 

0 


0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

'yh 

12 


15 


15 


ns 

26 

DSF to RAS setup time 

‘fsr 

0 


0 


0 


ns 


DSF to RAS hold time 

*RFH 

12 


15 


15 


ns 


SC to QSF delay time 

*SQD 


25 


30 


35 

ns 


SPLIT TRANSFER setup time 

*STS 

30 


35 


40 


ns 


SPLIT TRANSFER hold time 

*STH 

30 


35 


40 


ns 


RAS to QSF delay time 

'rod 


65 


85 


105 

ns 


DSF to RAS hold time 

'fhr 

60 


65 




ns 


DSF to CAS Set up time 

¥sc 

0 


0 


0 


ns 


DSF to CAS hold time 

’CFH 

15 


20 




ns 


TR/OE to QSF delay time 

•tqd 


25 


30 


35 

ns 


CAS to QSF delay time 

’CQD 


35 


40 


45 

ns 


RAS to first SC delay 

*RSD 

80 


95 


105 


ns 


CAS to first SC delay 

( CSD 

20 


25 


35 


ns 


Column address valid to first SC delay 

’asd 

45 


55 


65 


ns 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock-cycle time 

{ sc 

25 


30 


35 


ns 


Access time from SC 

{ SAC 


25 


25 


35 

ns 

24 

SC precharqe time (SC LOW time) 

l SP 

10 


10 


12 


ns 


SC pulse width (SC HIGH time) 

t SAS 

10 


10 


12 


ns 


Access time from SE 

l SEA 


15 


20 


30 

ns 

24 

SE precharqe time 

l SEP 

10 


15 


15 


ns 


SE pulse width 

l SE 

10 


15 


15 


ns 


Serial data-out hold time after 

SC high 

*SOH 

5 


5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

l SEZ 

0 

12 

0 

15 

0 

25 

ns 

24 

Serial data-in setup time 

t SDS 

0 


0 


0 


ns 

24 

Serial data-in hold time 

*SDH 

10 


15 


20 


ns 

24 

Serial input (Write) Enable 
setup time 

l SWS 

0 


0 


0 


ns 


Serial input (Write) Enable 
hold time 

*SWH 

10 


15 


20 


ns 


Serial input (Write) Disable 
setup time 

'swis 

0 


0 


0 


ns 


Serial input (Write) Disable 
hold time 

'SWIH 

10 


15 


20 


ns 
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NOTES 

All voltages referenced to Vss. 

This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 5V. 
AV 

Icc is dependent on cycle rates. 

Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

Enables on-chip refresh and address counters. 

The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

An initial pause of lOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

AC characteristics assume fc T = 5ns. 

Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ4) is high 
impedance. 

12. If CAS = Vil, DRAM data output (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 2 TTL gates and lOOpF. Output reference 
levels: Voh = 2.4V; Vol = 0.4V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that fc RCD 
exceeds the value shown. 

15. Assumes that *RCD > ‘RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the l RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if l RAD is greater than the 


specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, *RWD, *AWD and fcWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
HVCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If ^CS < 
'WCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If *RWD > *RWD 
(MIN), *AWD > l AWD (MIN) and l CWD > tWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if f OD and *OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 

equivalent to 2 TTL gate and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. __ 

25. Transfer command means that TR/OE is LOW when 
RAS goes LOW. 

26. Non transfer command means that TR/OE is HIGH 
when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 


1 . 

2 . 



4. 


5. 

6 . 


7. 


8 . 

9. 
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WRITE CYCLE FUNCTION TABLE 1 


LOGIC STATES 

FUNCTION 

RAS Falling Edge 

CAS Falling Edge 

A 

ME/WE 

B 

DSF 

c 

DQ (Input) 

D 

DSF 

E 2 

DQ (Input) 

1 

0 

X 

0 

DRAM 

Data 

Normal DRAM WRITE (or READ) 

0 

0 

Write 

Mask 

0 

DRAM 

Data (Masked) 

NONPERSISTENT (Load and Use) 

MASKED WRITE to DRAM 

0 

1 

X 

0 

DRAM 

Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

1 

0 

X 

1 

Column 

Mask 

BLOCK WRITE to DRAM (No Data Mask) 

0 

0 

Write 

Mask 

1 

Column 

Mask 

NONPERSISTENT (Load and Use) 

MASKED BLOCK WRITE to DRAM 

0 

1 

X 

1 

Column 

Mask 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

1 

1 

X 

0 

Write 

Mask 

Load Mask Register 

1 

1 

X 

1 

Color 

Data 

Load Color Register 


NOTE: 


1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for the WRITE cycle 
timin g diagrams on the following pages. 

2. CAS or ME/WE, whichever occurs later. 
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DRAM LATE-WRITE CYCLE 1 



UNDEFINED 


NOTE: 1 . The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 



1 ‘ASR 

‘RAD 

4 RAH 


‘asc 


‘CAH 



‘asc 




.‘asc 

Jj 

J( 

=?AL 

DAH 










‘CAH j 






£ ROW ] 

• 

f COLUMN ] 

\m 


[ COLUMN ] 

WL 

v //m 

t COLUMN 

; 


| ‘WSR > ‘RWH 

A 5 





‘CWL 1 

1 1 ‘CWL I 

II 

‘CWL 


‘wcs 


‘WCH 

1 

‘wcs 

*WCH 

1 

‘WCS 


‘WCH 




‘WP 



‘WP 




‘WP 

-J7K 




[777X 



ffJUh 







5 


[ 


mill 




y//\ DON’T CARE 
UNDEFINED 


1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) (REFRESH) 



NOTE: 1 . AJHIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

ME/WE = LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, TR/OE = LOW (when 
RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 



I I 'RAl 






l SP , ! SAS ,, l SP 


.‘sac _J 




253(509) X 254(510) 



SAM MSB 



1 . QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



Wh DON’T CARE 


NOTE: 


^ UNDEFINED 

1 . If SE is LOW, the SAM data will be transferred to the DRAM. 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SET. 

3. There must be no rising edges on the SC input during this time period. 

4. STS is LOW to select SAMa or HIGH to select SAMb 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 


CAS 


ADDR 


ME/WE 


DSF 


DQ 


TR/OE 


SC 


SDQ 


SE 


QSF 



TE: 1 . BE must be LOW to input new serial data, but the serial address 
register is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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UNDEFINED 
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ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



l WSR ‘RWH 





Viu— 

TR/OE vJl_ 


tTLS tTLH 



NOTE: 1 . SE must be LOW to input new serial data, but the serial ac 
is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this 

3. QSF = 0 when the Lower SAM (bits 0-255) is being acces 
QSF = 1 when the UDDer SAM (bits 256-51 1 ) is beina acc 


I wl liiMaalMH 
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VRAM 1 28K x 8 DRAM 

WITH 256 x 8 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 

• No refresh required for Serial Access Memory 

• Low power: 15mW standby; 275mW active, typical 

• Fast access times - 100ns random, 30ns serial 

SPECIAL FUNCTIONS 

• fEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

OPTIONS MARKING 

• Timing (DRAM, SAM) 

100ns, 30ns -10 

120ns, 35ns -12 

• Packages 

Plastic SOJ DJ 


GENERAL DESCRIPTION 

The MT42C8127 is a high speed, dual port CMOS dy- 
namic random access memory, or Video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Eight 256-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom- 
plished using three separate bidirectional data paths: the 8- 
bit random access I/O port, the eight internal 256 bit wide 
paths between the DRAM and the SAM, and the 8-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 


PIN ASSIGNMENT (Top View) 



40-Pin SOJ 






(E-12) 
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[ 
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10 
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] 
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: 
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] 
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c 

12 

29 

1 
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NC 

c 

13 

28 

1 

NC 

RAS 

[ 

14 

27 

] 

CAS 

NC 

c 

15 

26 

] 

QSF 

A8 

: 

16 

25 

] 

A0 

A6 

[ 

17 

24 

] 

A1 

A5 

i 

18 

23 

1 

A2 

A4 

i 

19 

22 

] 

A3 

Vcc2 

c 

20 

21 

] 

A7 


Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8127 is compat- 
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C8127 
offers several additional functions that may be used to 
increase system performance or ease critical timing require- 
ments. These "special functions" are described in detail in 
the following sections. 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the 

SAM registers. 

6 

16 

tr/oe 

Input Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H -► L), or 

Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in the High-Z state. 

12 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ 
(ME/WE = H) or WRITE (ME/ WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 
WRITE TRANSFER (ME/WE = L). 

35 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur; otherwise, 
the output buffers are in the High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a PSEUDO WRITE 

TRANSFER cycle is performed. 

29 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (MASKED WRITE vs. PERSISTENT MASKED WRITE, 
etc.) are used for a particular access cycle. 

14 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row- 
address bits and as a strobe for the ME/WE, TR/OE, DSF, 
and DQ inputs. 

27 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 8 
column-address bits and enable the DRAM output buffers (DQ's) 
(along with TR/OE). 

25, 24, 23, 

22, 19, 18, 
17,21, 16 

AO to A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 131 ,072 available. During TRANSFER operations, 
A0 to A8 indicate the DRAM row being accessed (when 

RAS goes LOW) and A0-A7 indicate the SAM start address 
(when CAS goes LOW). A7, A8 = "don't care" for the start 
address when doing SPLIT TRANSFERS. 

7, 8, 9, 10, 
31,32, 33, 34 

DQ1 - DQ8 

Input/ 

Output 

DRAM Data I/O: Data Input/Output for DRAM cycles; inputs for 
the LOAD MASK REGISTER cycles. 

2, 3, 4, 5, 36 

37, 38, 39 

SDQ1 - SDQ8 

Input/ 

Output 

Serial Data I/O: Input/Output for SAM access cycles or High-Z, 
when SE = HIGH. 

26 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address 0 to 127, HIGH if address 128 to 255. 

13, 15, 28 

NC 

~ 

No Connect: This pin should be either left unconnected or tied to 
ground. 

11, 20 

Vcc 

Supply 

Power Supply: +5V ±10% 

30, 40 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 



The MT42C8127 can be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the serial access memory (SAM). All of the operations 
described below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 


Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing transfer operations, 
the TR/OE pin will be shown as TR/(OE). 


DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C8127 VRAM 
must be refreshed to retain data. All 512 row-address com- 
binations must be accessed within 8ms. The MT42C8127 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS ONLY 
and CAS-BEFORE-RAS cycles. 

HI DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C8127 is fully static and does not 
require any refreshing. 


DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 


care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the VRAM has several special functions 
that can be used when writing to the DRAM. 

The 17 address bits that are used to select an 8-bit word 
from the 131,072 available are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set-up on the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 8 
column-address bits are set-up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don’t care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access or TRANS- 
FER cycles. (TR) f OE must be HIGH at the RAS HI GH-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The (TR)/ 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE is a "don’t care" when 
RAS goes LOW. For the VRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME/ (WE) is LOW at the 
RAS HIGH to LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME / (WE) must be HIGH at the RAS H IGH-to-LOW 
transition. If (ME) /WE is LOW before CAS goes LOW, a 
DRAM EARLY- WRITE operation is performed and the 
data present on the DQ1-DQ8 d ata port w ill be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NONPERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY-WRITE cycle when changing only specific 
bits within an 8-bit word. The MT42C8127 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME / (WE) and DSF are LOW at the RAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per- 
formed and the data (mask data) present on the DQ1-DQ8 
inputs will be written into the mask data register. The mask 
data acts as an individual WRITE ENABLE for each of the 
eight DQ1-DQ8 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 


allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQ1-DQ8 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is non-persistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NON- 
PERSISTENT MASKED WRITE. FAST PAGE MODE can 
be used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-P AGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 2. 


◄ — NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE 



STORED 

DATA 

_ 1 _ 

_ 1 _ 

_ 0 _ 

0 _ 

_ 0 _ 

J_ 

J_ 

_ 0 _ 

BEFORE 


MASK 

0 

1 

0 

1 

0 

1 

0 

1 



X = NOT EFFECTIVE (DON’T CARE) 


m 


DON’T CARE 


Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 



The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME /(WE) 
and DSF HIGH when RAS goes L OW. T he mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform- 
ing a NONPERSISTENT MASKED WRITE cycle before the 
PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per- 
formed by taking ME /(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE, the data present 
on the DQ inputs is not loaded into the mask register when 
RAS falls and the mask data register will not be cleared at 
the end of the cycle. Any number of PERSISTENT MASKED 
WRITEs, to any address, maybe performed without having 
to f eload the mask data register. Figure 3 shows the LOAD 
MASK REGISTER and two PERSISTENT MASKED WRITE 


cycles in operation. The LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycles allow c ontro llers, 
that cannot provide mask data to the DQ pins at RAS time, 
to perform MASKED WRITE operations. PERSISTENT 
MASKED WRITE operations can be performed during 


FAST PAGE MODE and the same mask will apply to all 
addressed columns in the addressed row. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
ident ical to a normal WRITE except that DSF is HIGH when 
RAS goes LOW. As sho wn in the Truth Table, the combi- 
nation of' TR/ (OE), ME/ (WE), and DSF being HIGH when 
RAS goes LOW indicat es the cycle is a REGISTER load 
cycle. DSF is used when CAS goes LOW to select the reg- 
ister to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: Foranormal DRAM WRITE cycle, themaskdata register 
is disabled but not modified . The contents of mask data 
register will not be changed unless a NONPERSISTENT 
MASKED WRITE cycle or a LOAD MASK REGISTER 
cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE cycles to selectively enable writes 
to the eight DQ planes. 


RAS 


CAS 


DSF 


LOAD MASK REGISTER — ► PERSISTENT MASKED WRITE ► * PERSISTENT MASKED WRITE 
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Figure 3 

PERSISTENT MASKED WRITE EXAMPLE 
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TRANSFER OPERATIONS 


TRANSFER operations are initiated when TR/(OE) is 
LOW then RAS goes LOW. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate the eight 256-bit DRAM row planes that 
are to be transferred to the eight SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 


plished two ways. If the transfer is to be synchronized with 
SC (REAL- TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does n ot ha ve to 
be synchronized with S C (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal 8-bit register. QSF will be LOW if access 
is from the lower half (addresses 0 through 127), and HIGH 
if access is from the upper half (128 through 255). If SE is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the first SC clock pulse. SE enables the 
serial outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW to HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 


i 


i 
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Figure 5 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
■hhm output data stream. When using normal TRANSFER cycles, 
the REAL-TIME READ TRANSFER cycle has to occur im- 
mediately after the last bit of "old data" was clocked out of 
the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin. Then SPLIT READ TRANSFERS maybe initiated by 
taking DSF HIGH when RAS goes LOW during the 
TRANSFER cycle. As in non-split transfers, the row address 
is used to specify the DRAM row to be transferred. The 
column address, A0-A6, is used to input the SAM Tap 
address. Address pins A7 and A8 are "don't care" when the 
Tap address is loaded at the HIGH to LOW transition of 
CAS. It is internally generated so that the SPLIT TRANSFER 
will be to the SAM half not currently being accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia- 
tion sequence. The normal READ TRANSFER is first per- 
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 127 
("A7"=0, A0-A6=l) the new Tap address is loaded for the 
next half ("A7"=l, A0-A6=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. 


WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad- 
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (T ap) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM I/O buffers to the input mode . QSF will 
indicate the SAM half accessed. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER. A PSEUDO WRITE 
TRANSFER is a WRITE TRANSFER cycle withSE held HIGH 
instead of LOW. The DRAM data will not be disturbed and 
the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGHand (ME)/WE is LOW when RAS goes LOW, al- 
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms, the MT42C8127 must be initial- 
ized. 

After Vcc is at specified operating conditions, for lOOps 
minimum, 8 RAS cycles and 1 SC cycle must be executed to 
initialize the memory array. When the device is initialized 
the DRAM 1/ O pin s (DQ ’s) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain ran- 
dom data. 

The SAM portion of the MT42C8127 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQ’s) will be High- 
Z, regardless of the state of SEa,b. The mask register will 
contain random data after power-up. 
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TRUTH TABLE 


CODE 

FUNCTION 

RAS FALLING EDGE 

AO - A8 1 

DQ1 - DQ8 2 

MASK REGISTER 

CAS 

TR/OE 

ME /WE 

DSF 

SE 

RAS 

CAS* 

A8=X 

RAS 

CAS 3 


DRAM OPERATIONS 











CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

X 

X 

X 

— 

X 

— 

X 

X 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

X 

ROW 

- 

X 

— 

X 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

X 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

1 

1 

0 

0 

X 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 

USE 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

1 

1 

0 

1 

X 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 


REGISTER OPERATIONS 











LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

X 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 


TRANSFER OPERATIONS 











RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

X 

ROW 

TAP 5 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

X 

ROW 

TAP 5 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

ROW 

TAP 5 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 

1 

0 

0 

0 

1 

ROW 4 

TAP 5 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

1 

0 

0 

1 

X 

ROW 

TAP 5 

X 

X 

X 


NOTE: 


1 . These columns show what must be present on the A0-A8 inputs when RA S falls and A0-A7 wh en C AS falls. 

2. These columns show what must be present on the DQ1 -DQ8 inputs when RAS falls and when CAS falls. 

3. On WRITE cycles, the input data is latched at the falling edge of CAS or ME/WE, whichever is later. 
Similarly, on READ cycles, the output data is latched at the falling edge of CAS or TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the first SAM address location that the first SC cycle will access. For Split SAM transfers, the Tap 
will be the first address location accessed of the "new" SAM half after the boundary of the current half is 
reached (127 for lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 



^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0V<Vin<Vcc), all other pins not under test = 0V) 

lL 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V<Vout<Vcc) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 2.5mA) 

VOL 


0.4 

V 

1 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


8 

pF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

PF 

2 

Output Capacitance: QSF 

Co 


9 

pF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C<T a < 70°C; Vcc = 5.0V± 10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: Trc = Trc(min)) 

Icci 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: Tpc = Tpc(min)) 

ICC2 

60 

70 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC3 

10 

10 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

ICC4 

80 

70 

mA 

3 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

ICC5 

70 

60 

mA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC6 

85 

75 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: Trc = Trc(min)) 

ICC7 

120 

110 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: Tpc = Tpc(min)) 

ICC8 

100 

90 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC9 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

Iccio 

120 

110 

mA 

3,4 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

Icci 1 

110 

100 

mA 

3, 4,5 

SAM/DRAM DATA TRANSFER 

Icci 2 

125 

115 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C<T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'rc 

180 


210 


ns 


READ-MODIFY-WRITE cycle time 

'rwc 

235 


280 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'pc 

55 


65 


ns 


FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

tPRWC 

110 


140 


ns 


Access time from RAS 

o 

< 

CC 


100 


120 

ns 

14 

Access time from CAS 

O 

< 

o 


30 


35 

ns 

15 

Access time from (TR)/OE 

l OE 


25 


30 

ns 


Access time from column address 

*AA 


50 


60 

ns 


Access time from CAS precharqe 

f CPA 


55 


65 

ns 


RAS pulse width 

*RAS 

100 

10,000 

120 

10,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'rasp 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

'rsh 

30 


35 


ns 


RAS precharge time 

*RP 

70 


80 


ns 


CAS pulse width 

'CAS 

30 

10,000 

35 

10,000 

ns 


CAS hold time 

*CSH 

100 


120 


ns 


CAS precharge time 

t CPN 

15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

! CP 

10 


15 


ns 


RAS to CAS delay time 

l RCD 

20 

70 

25 

85 

ns 

17 

CAS to RAS precharge time 

t CRP 

5 


10 


ns 


Row address setup time 

*ASR 

0 


0 


ns 


Row address hold time 

{ RAH 

15 


15 


ns 


RAS to column 
address delay time 

'rad 

20 

50 

20 

60 

ns 

18 

Column address setup time 

'asc 

0 


0 


ns 


Column address hold time 

'CAH 

20 


25 


ns 


Column address hold time 
(referenced to RAS) 

'ar 

70 


85 


ns 


Column address to 

RAS lead time 

*RAL 

50 


60 


ns 


Read command setup time 

'rcs 

0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'rch 

0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


ns 

19 

CAS to output in Low-Z 

t CLZ 

0 


0 


ns 


Output buffer turn-off delay 

'off 

0 

20 

0 

30 

ns 

20, 23 

Output Disable 

'OD 

0 

20 

0 

30 

ns 

23 

Output Disable hold time from start of write 

bEH 


15 


20 

ns 

27 

Output Enable to RAS delay 

l ORD 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

*wcs 

0 


0 


ns 

21 

Write command hold time 

'WCH 

20 


25 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

70 


85 


ns 


Write command pulse width 

W 

15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


25 


ns 


Data-in setup time 

t DS 

0 


0 


ns 

22 

Data-in hold time 

*DH 

20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t DHR 

70 


90 


ns 


RAS to WE delay time 

*RWD 

130 


160 


ns 

21 

Column address 
to WE delay time 

*awd 

80 


100 


ns 

21 

CAS to WE delay time 

*CWD 

60 


75 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 

ms 


RAS to CAS precharge time 

t RPC 

0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

'CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

t CHR 

30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


ns 


ME/WE to RAS hold time 

! rwh 

15 


15 


ns 


Mask Data to RAS setup time 

l MS 

0 


0 


ns 


Mask Data to RAS hold time 

t MH 

15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to 

RAS setup time 

’tls 

0 


0 


ns 

25 

TRANSFER command to RAS hold time 

'tlh 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ TRANSFER only) 

’rth 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ TRANSFER only) 

'em 

25 


30 


ns 

25 

TRANSFER command to column address hold 
time (for REAL-TIME READ TRANSFER only) 

l ATH 

30 


35 


ns 

25 

TRANSFER command to SC lead time 

X TSL 

5 


5 


ns 

25 

TRANSFER command to 

RAS lead time 

X TRL 

0 


0 


ns 

25 

TRANSFER command to 

RAS delay time 

*TRD 

15 


15 


ns 

25 

TRANSFER command to CAS time 

*TCL 

0 


0 


ns 

25 

TRANSFER command to 

CAS delay time 

'tcd 

15 


15 


ns 

25 

First SC edge to TRANSFER 
command delay time 

'tsd 

10 


10 


ns 

25 

Serial output buffer turn-off 
delay from RAS 

l SDZ 

10 

40 

10 

50 

ns 


SC to RAS setup time 

*SRS 

30 


40 


ns 


RAS to SC delay time 

*SRD 

25 


30 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


ns 


RAS to SD buffer turn-on time 

*SRO 

15 


15 


ns 


Serial data input delay from RAS 

X SDD 

50 


55 


ns 


Serial data input to RAS delay time 

*szs 

0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

%SR 

0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

'reh 

15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

Vs 

0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

*YH 

15 


15 


ns 

26 

DSF to RAS setup time 

*FSR 

0 


0 


ns 


DSF to RAS hold time 

t RFH 

15 


15 


ns 


SC to QSF delay time 

*SQD 


30 


35 

ns 


SPLIT TRANSFER setup time 

'STS 

35 


40 


ns 


SPLIT TRANSFER hold time 

'STH 

35 


40 


ns 


RAS to first SC delay 

'rsd 

95 


105 


ns 


CAS to first SC delay 

*CSD 

25 


35 


ns 


Column address valid to first SC delay 

X ASD 

55 


65 


ns 


TR/OE to QSF Delay Time 

*TQD 


35 


40 

ns 


CAS to QSF Delay Time 

*CQD 


45 


50 

ns 


RAS to QSF delay time 

*RQD 


85 


105 

ns 



Is 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T ft < + 70°C; Voc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

UNITS 

NOTES 



Serial clock cycle time 

X SC 

30 


35 


ns 


Access time from SC 

*SAC 


30 


35 

ns 

24 

SC precharge time (SC LOW time) 

*SP 

10 


12 


ns 


SC pulse width (SC HIGH time) 

'SAS 

10 


12 


ns 


Access time from SE 

'sea 


20 


30 

ns 

24 

SE precharge time 

X SEP 

15 


15 


ns 


SE pulse width 

X SE 

15 


15 


ns 


Serial data-out hold time after 

SC high 

l SOH 

5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

t SEZ 

0 

15 

0 

25 

ns 

24 

Serial data-in setup time 

l SDS 

0 


0 


ns 

24 

Serial data-in hold time 

'SDH 

15 


20 


ns 

24 

SERIAL INPUT (Write) Enable 
setup time 

l SWS 

0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

*SWH 

15 


20 


ns 


SERIAL INPUT (Write) Disable 
setup time 

X S\N\S 

0 


0 


ns 


SERIAL INPUT (Write) Disable 
hold time 

l SWIH 

15 


20 


ns 
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NOTES 



1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 5V. 

AV 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycle and 1 SC cycle 
before proper device operation is assured. The eight 
RAS cycle wake-up should be repeated any time the 
8ms refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ8) is high 
impedance. 

12. If CAS = Vil, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load 
equivalent to 1 TTL gate and lOOpF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that l RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. fc RCD (MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. l RAD (MAX) is specified as 


a reference point only; if t RAD is greater than the 
specified fc RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, t RWD, *AWD and tWD are restrictive 
operating parameters in LATE- WRITE, READ- 
WRITE and READ-MODIFY-WRITE cycles only. If 
HVCS > HVCS (MIN), the cycle is an EARLY-WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle, regardless of TR/OE. If 
V/CS < HVCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If *RWD > *RWD 
(MIN), *AWD > f AWD (MIN) and t CWD > tWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and *OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME /WE leading edge in 
late WRITE or READ- WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with 
OE or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 

equivalent to 1 TTL gate and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NONTRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE c ycle. T he 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 
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DRAM FAST-PAGE-MODE READ CYCLE 

* RASP 



NOTE: WRITE or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 


LOGIC STATES 

FUNCTION 

RAS Falling Edge 

CAS Falling Edge 

A 

ME/WE 

B 

DSF 

c 

DQ (Input) 

D 

DQ (Input) 

1 

0 

X 

DRAM 

Data 

Normal DRAM WRITE 

0 

0 

Write 

Mask 

DRAM 

Data (Masked) 

NONPERSISTENT (Load and Use Register) 

MASKED WRITE to DRAM 

0 

1 

X 

DRAM 

Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

1 

1 

X 

Write 

Mask 

Load Mask Register 


NOTE: 


Refer to this function table to determine the logic states of “A”, “B”, “C”, and “D” for the WRITE cycle timing 
diagrams on the following pages. 
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DRAM EARLY-WRITE CYCLE 



NOTE: The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 


6 








DRAM LATE-WRITE CYCLE 



[jj$f UNDEFINED 


NOTE: The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 


RAS 


CAS 


ADDR 


ME/WE 


DSF 


DQ 


TR/OE 


V 

V 


tRASP 




OTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. 
Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) (REFRESH) 



NOTE: A HIDD EN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

ME/WE = LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, TR/OE = LOW (when 
RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE. 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



j t RAD t . *RAL 

I /ASR , < RAH ■ ; t ASC t __ ^J CAH 


ADDR 

r 

row m/m 

W77IMMMM7m/. 

M77M7MM/, 


,i 

l WSR 

\ 

t RWH > 1 






l sc 


l TSL 

*TSD 


l SP 

r^i 

*SP 




i i 
X_l 

>> 

8 


1 \ 


' \ J 

* \ 

) 


PREVIOUS ROW DATA -+► NE 


VALID Dqut X VALID °OUT 


)SE t SEP 

— — JSEZ 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT ENABLI 
2. QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 


lT>] [Illicit W 



SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 



jjjjjj] UNDEFINED 

1 . QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



[/%! DON’T CARE 


NOTE: 


1$$ UNDEFINED 

1 . If SE is LOW, the SAM data will be transferred to the DRAM. 

ITSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by 
SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



FE: 1 . SE must be LOW to input new serial data, but the serial address register is incremented by 
SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



NOTE: 1 . SE must be LOW to input new serial data, but the serial address register ® undefined 

is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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VRAM 128Kx8 DRAM 

WITH 256 x 8 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Low power: 15mW standby; 275mW active, typical 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh within 8ms 

• No refresh required for Serial Access Memory 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

• BLOCK WRITE 


OPTIONS 

• Timing (DRAM, SAM) 
80ns, 25ns 

100ns, 30ns 
120ns, 35ns 

• Packages 
Plastic SOJ 
Plastic ZIP 


MARKING 

- 8 
-10 
-12 


DJ 

Z 


GENERAL DESCRIPTION 

The MT42C8128 is a high-speed, dual port CMOS dy- 
namic random access memory or Video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Eight 256-bit data 
registers make up the SAM portion of the VRAM. Data I/O 
and internal data transfer are accomplished using three 
separate bidirectional data paths: the 8-bit random access 
I/O port, the eight internal 256 bit wide paths between the 
DRAM and the SAM, and the 8-bit serial I/O port for the 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(E-12) 


SC 
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40-Pin ZIP 
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32 
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36 

AO 
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38 
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DQ6 

DQ8 

SDQ5 

SDQ7 

Vssl 

SDQ1 

SDQ3 

Tr/oe 

DQ2 

Vss2 

Vccl 

RAS 

A6 

NC 

A4 

Vcc2 

A3 
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DSF 


SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The re fresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence) . Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8128 is compat- 
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C8128 
offers several additional functions that may be used to 
increase system performance or ease critical timing require- 
ments. These "special functions" are described in detail in 
the following sections. 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

11 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

6 

16 

tr/oe 

Input 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H -*• L), or 

Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in a High-Z state. 

12 

23 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: ME /WE is also used to select a READ 
(ME/WE = H) or WRITE (ME/WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 

WRITE TRANSFER (ME/WE = L). 

35 

5 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 

ENABLE cycle is performed. 

29 

40 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used for a particular access cycle. 

14 

24 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row- 
address bits and as a strobe for the ME/WE, TR/OE, DSF, SE, 

CAS and DQ inputs. 

27 

39 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 8 column- 
address bits, enable the DRAM output buffers (along with TR/OE), 
and as a strobe for the DSF input. 

16, 17, 18 
19, 21, 22 
23, 24, 25 

37, 36, 35 
34, 30, 29 
26, 33, 25 

A0 to A8 

Input 

Address Inputs: For the DRAM operation, these inputs are multiplexed 
and clocked by RAS and CAS to select one 8-bit word out of the 1 28K 
available. During TRANSFER operations, A0 to A8 indicate the DRAM 
row being accessed (when RAS goes LOW) and A0-A7 indicate the 
SAM start address (when CAS goes LOW). A7, A8 = “don’t care” for 
the start address when doing SPLIT TRANSFER. 

7,8,9, 10,31 
32, 33, 34 

17, 18, 19,21 
1,2, 3,4 

DQ1 - DQ8 

Input/ 

Output 

DRAM Data I/O: DRAM input/Output for DRAM cycles; inputs for 

Mask Data Register and Color Register load cycles, and Bit and 
Column Mask inputs for BLOCK WRITE. 

2, 3, 4, 5, 36 
37, 38, 39 

12, 13, 14, 15 
6, 7, 8, 9 

SDQ1 - SDQ8 

Input/ 

Output 

Serial Data I/O: Input, output, or High-Z. 

26 

38 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-127, HIGH if address is 128-255. 

28 

28, 31 

NC 

- 

No Connect: This pin should be either left unconnected or tied 
to ground. 

11,20 

22, 32 

Vcc 

Supply 

Power Supply: +5V ±10% 

30, 40 

10, 20,27 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 


The MT42C8128 can be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
WKKSM summarized in the Truth Table. 

Note: For dual-function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations, 
the TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C8128 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within 8ms. The MT42C8128 
supports CAS-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not su pply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C8128 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 


"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has several special func- 
tions that can be used when writing to the DRAM. 

The 17 address bits that are used to select a 8-bit word 
from the 13 1,072 avai lable are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the nine row-ad- 
dress bits are s et up on the address inputs and clocked into 
the part when RAS transitions from HIGH to LOW. Next, 
the 8 column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don’t care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access or TRANS- 
FER cycles. (TR)/OE must be HIGH at the RAS HI GH-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The (TR)/ 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE is a "don’t care" when 
RAS goes LOW. For the VRAM, ME/ (WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME /(WE) is LOW at the 
RAS HIGH to LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME / (WE) must be HIGH at the RAS H IGH-to-LOW 
transition. If (ME) /WE is LOW before CAS goes LOW, a 
DRAM EARLY- WRITE operation is performed and the 
data present on the DQ1-DQ8 data port will be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIFY -WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NON PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY- WRITE cycle when changing only specific 
bits within a 8-bit word. The MT42C8128 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASK ED WRITE. 

If ME / (WE) and DSF are LOW at the RAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per- 
formed and the data (mask data) present on the DQ1-DQ8 
inputs will be written into the mask data register. The mask 
data acts as an individual write enable for each of the eight 
DQ1-DQ8 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 
the subsequent WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1") on 
a mask data register bit enables the input port and allows 


◄ — NONPERSISTENT MASKED WRITE 


normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQ1- 
DQ8 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW), 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is non persistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col- 
umn locations in an addressed row. The same mask is used 
during the entire FAST-P AGE-MODE RAS cycle. An ex- 
ample NONPERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 


NONPERSISTENT MASKED WRITE 
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X = NOT EFFECTIVE (DON’T CARE) 


Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 


^ DON’T CARE 
UNDEFINED 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates present on the DQ inputs is not loaded into the mask 

the need to rewrite the mask data before each MASKED register when RAS falls and the mask data register will not 

WRITE cycle if the same mask data is being used repeat- be cleared at the end of the cycle. Any number of PERSIS- 

edly. To initiate a PERSISTENT MASKED WRIT E, a LOAD TENT MASKED WRITE cycles, to any address, may be 

MASK REGISTER cycl e is p erformed by taking ME/ (WE) performed without having to reload the mask data register, 

and DSF HIGH when RAS goes L OW. T he mask data is Figure 3 shows the LOAD MASK REGISTER and two 

loaded into the internal register when CAS goes LOW . Mask PERSISTENT MASKED WRITE cycles in operation. The 

data may also be loaded into the mask register by perform- LOAD MASK REGISTER and PERSISTENT MASKED 

ing a NONPERSISTENT MASKED WRITE cycle before the WRITE cycles allow controllers, that cannot provide mask 

PERSISTENT MASKED WRITE cycles. data to the DQ pins atMS time, to perform MASKED WRITE 

PERSISTENT MASKED WRITE cycles may then be per- operations. PERSISTENT MASKED WRITE operations can 

form ed by taking ME/ (WE) LOW and DSF HIGH when be performed during FAST PAGE MODE cycles and the 

RAS goes LOW. The contents of the mask data register will same mask will apply to all addressed columns in the 

then be used as the mask data for the DRAM inputs. Unlike addressed row. 

the NONPERSISTENT MASKED WRITE cycle, the data 



MASK 



(Stored in 
Mask Data 
Register) 



X = NOT EFFECTIVE (DON'T CARE) 


Y//\ DON'T CARE 


Figure 3 

PERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A7 at CAS) 



Figure 4 

BLOCK WRITE EXAMPLE 


BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C8128 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 4). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). 

The ROW is addressed as in a normal DRAM WRITE 
cycle. However when CAS goes LOW, only the A2-A7 in- 
puts are used. A2-A7 specify the "block" of four adjacent 
column locations that will be accessed. The DQ inputs 
(DQ1, 2, 3, and 4) are then used to determine what combi- 
nation of the four column locations will be changed. The 
table on this page illustrates how each of the DQ inputs is 
used to selectively enable or disable individual column 


locations within the block. The Write Enable controls are 
active HIGH; a logic "1" enables the WRITE function and a 
logic "0" disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 


INPUTS 

Address Controlled 

AO 

A1 

DQ1 

0 

0 

DQ2 

1 

0 

DQ3 

0 

1 

DQ4 

1 
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NONPERSISTENT MASKED BLOCK WRITE 



The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON- 
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRIT E, the combina- 
tion of ME / (WE) LOW and DSF LOW when RAS goes LOW 
initiates a NONPERSISTENT MASK cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform a 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the eight bit planes can be 
masked and any combination of the four column locations 
can be masked. 


PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSI STEN T MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 


LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 


combination of TR/(OE), ME /(WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REG- 
ISTER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a 
NONPERSISTENT MASKED WRITE cycle or a 
LOAD MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 


TRANSFER operations are initiated when TR/ (OE) is 
LOW then RAS goes LOW. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate the eight 256-bit DRAM row planes that 
are to be transferred to the eight SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 


plished two ways. If the transfer is to be synchronized with 
SC (REAL- TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with SC (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams) . The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal 8-bit register. QSF will be LOW if access 
is from the lower half (addresses 0 through 127), and HIGH 
if access is from the upper half (128 through 255). If SE is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the first SC clock pulse. SE enables the 
serial outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW to HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 
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Figure 5 


TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 


DON’T CARE 
UNDEFINED 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin and set SAM I/O direction. Then SPLIT READ 
TRANSFERS maybe initiated by taking DSF HIGF1 when 
RAS goes LOW during the TRANSFER cycle. As in non-split 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, A0-A6, is used to 
input the SAM Tap address. Address pin A 7 is a "don't care" 
when the Tap address is loaded at the HIGH to LOW 
transition of CAS. It is internally generated so that the SPLIT 
TRANSFER will be to the SAM half not currently being 
accessed. 

Figure 5 shows a typical SPLIT-READ-TRANSFER initia- 
tion sequence. The normal READ TRANSFER is first per- 
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 127 
("A7"=0, A0-A6=l) the new Tap address is loaded for the 
next half ("A7"=l, A0-A6=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. if the half boundry is reached, 
before a SRT is done for the half, a Tap address of "0" will 
be used. Access will start at 0 if going to the lower half, 128 
if going to the upper. See Figure 6. 


WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to 
that of the READ TRANSFER described previously except 
(ME) /WE and SE must be LOW when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 
indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A WRITE TRANSFER 
changes the direction of the SAM I/O buffers to the input 
mode. QFS is LOW if access is to the lower half of the SAM, 
HIGH if to the upper. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycleisaWRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis- 
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGHand (ME) /WE is LOW when RAS goes LOW, al- 
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER-UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms, the MT42C8128 must be initial- 
ized. 

After Vcc is at specified operating conditions, for lOOps 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain ran- 
dom data. QSF will be drawing data. 

The SAM portion of the MT42C8128 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and thel / O pins (SDQs) will be High- 
Z, regardless of the state of SEa,b. The mask and color reg- 
ister will contain random data after power-up. 


0 TAP 127 128 255 




] I 




Start Split ^ 

NO SRT 1 



NO SRT 


Figure 6 

SPLIT SAM TRANSFER 
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TRUTH TABLE 


CODE 

FUNCTION 

RAS FALLING EDGE 

CAS FALL 

A0-A8 1 

DQ1 • DQ8 2 

REGISTERS 

CAS 

m/UE 

ME /WE 

DSF 

SE 

DSF 

RAS 

CAS 

A8 = X 

RAS 

CAS 3 

WT 

MASK 

COLOR 

DRAM OPERATIONS | 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

1 

X 

X 

X 

— 

X 

— 

X 

X 

X 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

X 

— 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

i 

1 

1 

0 

X 

0 

ROW 

COLUMN 

X 

VALID 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

1 

1 

0 

0 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

i 

1 

0 

1 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM (NO DATA MASK) 

1 

1 

1 

0 

X 

1 

ROW 

COLUMN 
(A2 - A7) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) MASKED 

BLOCK WRITE TO DRAM 

i 

1 

0 

0 

X 

1 

ROW 

COLUMN 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASKED REGISTER) MASKED BLOCK 
WRITE TO DRAM 

1 

1 

0 

1 

X 

1 

ROW 

COLUMN 
(A2 - A7) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS | 

LMR 

LOAD MASK REGISTER 

i 

1 

1 

1 

X 

0 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

1 

1 

1 

1 

X 

1 

ROW 4 

X 

X 

COLOR 

DATA 

X 



LOAD 

TRANSFER OPERATIONS 


RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

ROW 

TAP 5 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT- MODE ENABLE) 

1 

0 

0 

0 

1 

X 

ROW 4 

TAP 5 

X 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

i 

0 

0 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 


NOTE: 


1 . These columns show what must be present on the A0-A8 inputs when RAS falls and A0-A7 when CAS falls. 

2. These columns show what must be present on the DQ1 -DQ8 in puts w h en RAS f alls and when CAS falls. 

3. On WRITE cycles, the input data is latched at th e f alling ed ge of CAS or ME /WE, whichever is later. Similarly, on READ cycles, the 

output data is latched at the falling edge of CAS or TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the SAM location that the first SC cycle will access. For Split SAM transfers, the Tap will be the first address location accessed of 

the “new” SAM half after the boundary of the current half is reached (127 for lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

■HI Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 


(0°C < T a < 70°C; Vcc = 5.0V + 10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0V<Vin<Vcc), all other pins not under test = 0V) 

lL 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V<Vout<Vcc) 

loz 

-10 

10 

ka 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 2.5mA) 

VOL 


0.4 

V 

1 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


8 

PF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

PF 

2 

Output Capacitance: QSF 

Co 


9 

PF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CON DITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

90 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

70 

60 

50 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC3 

10 

10 

10 

mA 


REFRESH CURRENT : RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

ICC4 

90 

80 

70 

mA 

3 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

ICC5 

80 

70 

60 

mA 

3, 5 

SAM/DRAM DATA TRANSFER 

ICC6 

95 

85 

75 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (‘SC = MIN) 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC7 

130 

120 

110 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: ‘PC = ‘PC (MIN)) 

ICC8 

110 

100 

90 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih after 8 RAS cycles min) 

ICC9 

50 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

Iccio 

130 

120 

110 

mA 

3,4 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS=Cycling) 

Icci 1 

120 

110 

100 

mA 

3, 4,5 

SAM/DRAM DATA TRANSFER 

Icci 2 

135 

125 

115 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T^< +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'rc 

150 


180 


210 


ns 


READ-MODIFY-WRITE cycle time 

*RWC 

205 


235 


280 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

45 


55 


65 


ns 


FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

tPRWC 

100 


110 


140 


ns 


Access time from RAS 

*RAC 


80 


100 


120 

ns 

14 

Access time from CAS 

! cac 


20 


25 


30 

ns 

15 

Access time from (TR)/OE 

l OE 


20 


25 


30 

ns 


Access time from column address 

f AA 


40 


50 


60 

ns 


Access time from CAS precharge 

*CPA 


45 


55 


65 

ns 


RAS pulse width 

*RAS 

80 

10,000 

100 

10,000 

120 

10,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*rasp 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

'rsh 

20 


25 


30 


ns 


RAS precharge time 

'rp 

60 


70 


80 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

30 

10,000 

ns 


CAS hold time 

X CSH 

80 


100 


120 


ns 


CAS precharge time 

! cpn 

15 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


15 


ns 


RAS to CAS delay time 

t RCD 

20 

55 

20 

70 

25 

85 

ns 

17 

CAS to RAS precharge time 

l CRP 

5 


5 


10 


ns 


Row address setup time 

•asr 

0 


0 


0 


ns 


Row address hold time 

t RAH 

12 


15 


15 


ns 


RAS to column 
address delay time 

'rad 

17 

40 

20 

50 

20 

60 

ns 

18 

Column address setup time 

•asc 

0 


0 


0 


ns 


Column address hold time 

'CAH 

20 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

'ar 

60 


70 


85 


ns 


Column address to 

RAS lead time 

*RAL 

40 


50 


60 


ns 


Read command setup time 

'rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

•rch 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

*RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'off 

0 

20 

0 

20 

0 

30 

ns 

20, 23 

Output Disable 

*OD 

0 

20 

0 

20 

0 

30 

ns 

23 

Output Disable hold time from start of write 

*OEH 


15 


15 


20 

ns 

27 

Output Enable to RAS delay 

bRD 


0 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

X WCS 

0 


0 


0 


ns 

21 

Write command hold time 

l WCH 

15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*wcr 

60 


70 


85 


ns 


Write command pulse width 

*wp 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


25 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

t DH 

20 


20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t DHR 

60 


70 


90 


ns 


RAS to WE delay time 

t RWD 

110 


130 


160 


ns 

21 

Column address 
to WE delay time 

*AWD 

70 


80 


100 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

‘T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

‘ref 


8 


8 


8 

ms 


RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RA5 REFRESH) 

l CHR 

30 


30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 

‘RWH 

10 


15 


15 


ns 


Mask Data to RAS setup time 

‘ms 

0 


0 


0 


ns 


Mask Data to RAS hold time 

‘mh 

10 


15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to RAS setup time 

l TLS 

0 


0 


0 


ns 

25 

TRANSFER command to RAS hold time 

VLH 

12 

10,000 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ-TRANSFER only) 

! rth 

70 

10,000 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ-TRANSFER only) 

! cth 

20 


25 


30 


ns 

25 

TRANSFER command to column address hold 
time (for REAL TIME READ TRANSFER only) 

*ATH 

25 


30 


35 


ns 

25 

TRANSFER command to SC lead time 


5 


5 


5 


ns 

25 

TRANSFER command to RAS lead time 

1 trl 

0 


0 


0 


ns 

25 

TRANSFER command to RAS delay time 

VrD 

15 


15 


15 


ns 

25 

TRANSFER command to CAS time 

VCL 

o 


0 


0 


ns 

25 

TRANSFER command to CAS delay time 

X TCD 

15 


15 


15 


ns 

25 

First SC edge to Transfer 
command delay time 

X TSD 

10 


10 


10 


ns 

25 

Serial output buffer turn-off 
delay from RAS 

*SDZ 

10 

35 

10 

40 

10 

50 

ns 


SC to RAS setup time 

l SRS 

30 


30 


40 


ns 


RAS to SC delay time 

*SRD 

20 


25 


30 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


0 


ns 


RAS to SD buffer turn-on time 

*SRO 

10 


15 


15 

. 

ns 


Serial data input delay from RAS 

l SDD 

45 


50 


55 


ns 


Serial data input to RAS delay time 

'szs 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

%SR 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

t REH 

12 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

Vs 

0 


0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

Vh 

12 


15 


15 


ns 

26 

DSF to RAS setup time 

*FSR 

0 


0 


0 


ns 


DSF to RAS hold time 

l RFH 

12 


15 


15 


ns 


SC to QSF delay time 

*SQD 


25 


30 


35 

ns 


SPLIT TRANSFER setup time 

'STS 

30 


35 


40 


ns 


SPLIT TRANSFER hold time 

t STH 

30 


35 


40 


ns 


RAS to QSF delay time 

*RQD 


65 


85 


105 

ns 


DSF to RAS hold time 

Vhr 

60 


65 




ns 


DSF to CAS Set up time 

'fsc 

0 


0 


0 


ns 


DSF to CAS hold time 

’CFH 

15 


20 




ns 


TR/OE to QSF delay time 

*TQD 


25 


30 


35 

ns 


CAS to QSF delay time 

’CQD 


35 


40 


45 

ns 


RAS to first SC delay 

'RSD 

80 


95 


105 


ns 


CAS to first SC delay 

*CSD 

20 


25 


35 


ns 


Column address valid to first SC delay 

‘asd 

45 


55 


65 


ns 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-8 

-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock-cycle time 

X SC 

25 


30 


35 


ns 


Access time from SC 

*SAC 


25 


25 


35 

ns 

24 

SC precharae time (SC LOW time) 

'SP 

10 


10 


12 


ns 


SC pulse width (SC HIGH time) 

*sas 

10 


10 


12 


ns 


Access time from SE 

'sea 


15 


20 


30 

ns 

24 

SE precharae time 

'SEP 

10 


15 


15 


ns 


SE pulse width 

X SE 

10 


15 


15 


ns 


Serial data-out hold time after 

SC high 

l SOH 

5 


5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

*SEZ 

0 

12 

0 

15 

0 

25 

ns 

24 

Serial data-in setup time 

t SDS 

0 


0 


0 


ns 

24 

Serial data-in hold time 

*SDH 

10 


15 


20 


ns 

24 

Serial input (Write) Enable 
setup time 

l SWS 

0 


0 


0 


ns 


Serial input (Write) Enable 
hold time 

*SWH 

10 


15 


20 


ns 


Serial input (Write) Disable 
setup time 

'swis 

0 


0 


0 


ns 


Serial input (Write) Disable 
hold time 

l SWIH 

10 


15 


20 


ns 
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NOTES 



1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 5V. 

AV 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ8) is high 
impedance. 

12. If CAS = Vil, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gates and lOOpF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that l RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the fc RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 


specified *RAD (MAX) limit, then access time is 
controlled exclusively by l AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. *WCS, t RWD, *AWD and tWD are restrictive 
operating parameters in LATE- WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
*WCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If l WCS < 
*WCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If fc RWD > fc RWD 
(MIN), *AWD > t AWD (MIN) and tWD > fcWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and t OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/ WE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 

equivalent to 1 TTL gate and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. Transfer command means that TR/OE is LOW when 
RAS goes LOW. 

26. Non transfer command means that TR/OE is HIGH 
when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 
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WRITE CYCLE FUNCTION TABLE 1 


LOGIC STATES 

FUNCTION 

RAS Falling Edge 

CA$ Falling Edge 

A 

ME/WE 

B 

DSF 

c 

DQ (Input) 

D 

DSF 

E 2 

DQ (Input) 

1 

0 

X 

0 

DRAM 

Data 

Normal DRAM WRITE (or READ) 

0 

0 

Write 

Mask 

0 

DRAM 

Data (Masked) 

NONPERSISTENT (Load and Use) 

MASKED WRITE to DRAM 

0 

1 

X 

0 

DRAM 
Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

1 

0 

X 

1 

Column 

Mask 

BLOCK WRITE to DRAM (No Data Mask) 

0 

0 

Write 

Mask 

1 

Column 

Mask 

NONPERSISTENT (Load and Use) 

MASKED BLOCK WRITE to DRAM 

0 

1 

X 

1 

Column 

Mask 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

1 

1 

X 

0 

Write 

Mask 

Load Mask Data Register 

1 

1 

X 

1 

Color 

Data 

Load Color Register 


NOTE: 


1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for the WRITE cycle 
timin g diagrams on the following pages. 

2. CAS or ME/WE, whichever occurs later. 
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DRAM EARLY-WRITE CYCLE 




tRC 

_ .. _ 1 



l RAS 


l RP 







1 1 
I_l 
>> 

ICO 

< 

ir 





VlLI. 

CAS vP. 


ADDR v|l- 



l RAP 

1 ASR l RAH 



COLUMN J 

{ CWL 

*RWL 

{ WCR 

*WCH 
*WP 


Y//Ji DON’T CARE 
W UNDEFINED 


1 . The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 


52 





DRAM LATE-WRITE CYCLE 



NOTE: 1 . The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 


'CSH 

'RCD , 'CAS 


'RAD 

'ASR 'RAH 


| 'WSR l 'RWH 

A \ 





'CAH 




'WCS 'WCH 

t W p 


'FHR ^ 

' FSC 'CFH 


'WCR 
'DHR , 



'PC 

'CP , , 'CAS 


'ASC 'CAH | 

COLUMN i 

I 'CWL 

'WCS I 'WCH 



' 

RAL 

'ASC 

' 

DAH 



“~l 

^ COLUMN 

Wm 



'CWL 

'WCS 


'WCH 



'WP 




'FSC 

' 

DFH | 

T 1 


\ 

ft D 

m 9 

I m'k 



'RWL 

II 


'DS 

'DH 




Y//\ DON’T CARE 
R51 UNDEFINED 


1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 



UNDEFINED 


NOTE: 1 . A HIDDEN REF RESH m ay also be performed after a WRITE cycle. In this case ME/WE = LOW (when CAS 
goes LOW) and TR/OE = HIGH. 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 



NOTE: 1 . QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. undefined 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 




NOTE: 


jj%j UNDEFINED 

1 . If SE is LOW, the SAM data will be transferred to the DRAM. 

£SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. STS is LOW to select SAMa or HIGH to select SAMb 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 






SDQ vj&VA wlipd IN 




1 . SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



NOTE: 1 . SE must be LOW to input new serial data, but the serial address register ® undefined 

is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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MT42C8256 


VRAM 256K x 8 DRAM 

WITH 512 x 8 SAM 


FEATURES 

• Industry standard pin-out timing, and functions 

• High-performance CMOS silicon gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 

• No refresh required for Serial Access Memory 

• Low power: 20mW standby; 300mW active, typical 

• Fast access times - 70ns random, 20ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Manditory Function set 

• PERSISTENT MASKED WRITE 

• MASKED WRITE TRANSFER /SERIAL INPUT 

• MASKED SPLIT WRITE TRANSFER 

• BLOCK WRITE (MASK) 

• MASKED FLASH WRITE 


OPTIONS 

• Timing (DRAM, SAM) 
70ns, 20ns 

80ns, 25ns 
100ns, 30ns 

• Packages 
Plastic SOJ 


MARKING 

- 7 

- 8 
-10 


DJ 


GENERAL DESCRIPTION 

The MT42C8256 is a high speed, dual port CMOS dy- 
namic random access memory, or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8 bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 8-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Eight 512-bit data registers make up the serial access mem- 
ory portion of the VRAM. Data I/O and internal data 
transfer are accomplished using three separate bidirec- 
tional data paths: the 8-bit random access 1/ O port, the eight 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 8-bit serial I/O port for the SAM. The rest of 


PIN ASSIGNMENT (Top View) 


Vcc 

SC 

SDQ1 

SDQ2 

SDQ3 

SDQ4 

TR/0E 

DQ1 

DQ2 

DQ3 

DQ4 

Vss 

ME/WE 

RAS 

A8 

A7 

A6 

A5 

A4 

Vcc 


] Vss 
] SDQ8 
] SDQ7 
] SDQ6 
] SDQ5 
] SE 
] DQ8 
] DQ7 
] DQ6 
] DQ5 
] Vss 
] DSF1 
] NC_ 

] CAS 
] QSF 
] AO 
] A1 
] A2 
] A3 
] Vss 


40-Pin SOJ 

(E-12) 


Jl 

40 

[ 2 

39 

[ 3 

38 

[4 

37 

[ 5 

36 

[ 6 

35 

[ 7 

34 

[ 8 

33 

[ 9 

32 
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31 

[ 11 

30 

[ 12 

29 

[ 13 

28 

[ 14 

27 

[ 15 

26 

[ 16 

25 

[ 17 

24 

[ 18 

23 

[ 19 

22 

[ 20 

v 

21 


the circuitry consists of the control, timing, and address 
decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence) . Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the DPDRAM is fully static and does not require 
any refresh. 

The operation and control of the MT42C8256 is similar to 
with the operation of the MT42C8128 (128K x 8 VRAM). 
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MT43C4257/8 


TRIPLE PORT 256K X 4 DRAM WITH 

DRAM DUAL 512x4 SAMS 


FEATURES 

• Three asynchronous, independent, data access ports 

• Fast access times - 80ns random, 25ns serial 

• Operation and control compatible with 1 Meg VRAMS 

• High performance CMOS silicon gate process 

• Low power: 15mW standby; 450m W active, typical 

• 512-cycle refresh within 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• FAST PAGE MODE access cycles 

• Two, bidirectional Serial Access Memories (SAMs) 

• Fully static SAM and Mask Register, no refresh 
required 

• 2048-bit Transfer Mask Register 

• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 

• MASKED WRITE (Write-Per-Bit) 

• PERSISTENT MASKED WRITE 

• SPLIT READ and WRITE TRANSFERS 

• BLOCK WRITE 

• BIT MASKED TRANSFERS 

OPTIONS MARKING 

• Timing (DRAM, SAMs) 

80ns, 25ns - 8 

100ns, 30ns -10 

120ns, 35ns -12 

• Packages 

Plastic SOJ (400 mil) DJ 

• Functionality 

QSF output (indicates SAM-half accessed) 43C4257 

SSF input (Split SAM special function, stop count) 43C4258 

GENERAL DESCRIPTION 

The MT43C4257/8 are high speed, triple port CMOS 
dynamic random access memories (TPDRAMs) containing 
1,048,576 bits. Data may be accessed by a 4 bit wide DRAM 
port or by either of two independently clocked 512 x 4-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and either SAM. 

The DRAM portion of the TPDRAM is functionally iden- 
tical to the MT4C4256 (256K x 4 DRAM). Eight 512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom- 
plished using five separate bidirectional data paths; the 4- 
bit random access I/O port, the pair of internal 2048 bit 
wide paths between the DRAM and the SAMs, and the pair 


PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

(E-12) 


SCb 

C 

1 

40 

SDQbl 

[ 

2 

39 

SDQb2 

r 

3 

38 

TRM 

c 

4 

37 

SCa 

[ 

5 

36 

SDQal 

L 

6 

35 

SDQa2 

P 

7 

34 

TR/0E 

P 

8 

33 

DQ1 

P 

9 

32 

DQ2 

[ 

10 

31 

Vcc 

C 

11 

30 

ME/WE 

[ 

12 

29 

STS 

[ 

13 

28 

RAS 

P 

14 

27 

DSF2 

C 

15 

26 

A8 

[ 

16 

25 

A6 

[ 

17 

24 

A5 

[ 

18 

23 

A4 

[ 

19 

22 

Vcc 

[ 

20 

21 


] Vss 
] SDQb4 
] SDQb3 
] SEb 
MKD 
] SDQa4 
] SDQa3 
] SEa 
DQ4 
DQ3 
P Vss 
DSF1 

] QSFb/SSFb * 
] CAS 

] QSFa/SSFa * 
] AO 
] A1 
] A2 
] A3 
] A7 


MT43C4257/MT43C4258 


of 4-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing and address decod- 
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit Bit Mask Data regis- 
ter can be parallel loaded from the DRAM, from either 
SAM, or serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257/8 are com- 
patible with the operation of the MT42C4256 (256K x 4 
Video RAM). However, the MT43C4257/8 offer an addi- 
tional SAM and special features that may be used to en- 
hance system performance. 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBER(S) 

FUTURE PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

5 


SCa 

Input 

Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

1 


SCb 

Input 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

8 


tr/oe 

Input 

Transfer Enable: Enables an internal TRANSFER operation at the 
falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

12 


ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ (ME/WE = 

H) or WRITE ("ME A/VE = L) cycle when accessing the DRAM. This 
includes a READ TRANSFER (ME/WE = H) or WRITE TRANS- 
FER (MEAA/E = L). 

33 


SEa 

Input 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other- 
wise, the output buffers are in a High-Z state. SEa is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

37 


SEb 

Input 

Serial Port Enable, SAMb: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other- 
wise, the output buffers are in a High-Z state. SEb is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

29 


DSF1 

Input 

Special Function (Control) 1 : DSF1 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

15 


DSF2 

Input 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

14 


RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row-address 
bits and as a strobe for control and data inputs. 

27 


CAS 

Input 

Column Address Strobe: CAS is used to clock in the 9 column- 
address bits, enable the DRAM output buffers (along with 

TR/OE), and as a strobe for control and data inputs. 
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PIN DESCRIPTIONS (Continued) 


SOJ PIN 
NUMBER(S) 

FUTURE PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25, 24, 23 

22, 19, 18 

17, 21, 16 


AO- A8 

Input 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

13 


STS 

Input 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa=LOW, SAMb=HIGH). 

36 


MKD 

Input 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD=HIGH at RAS), then MKD is used 
as mask data input and is clocked by SCb into the mask data 
register. 

4 


TRM 

Input 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

9, 10, 31,32 


DQ1 - DQ4 

Input/ 

Output 

DRAM Data I/O: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load cycles; 
address mask inputs for BLOCK WRITE cycles. 

6, 7, 34, 35 


SDQa1-SDQa4 

Input/ 

Output 

Serial Data I/O, SAMa: Input, Output, or High-Z. 

2, 3, 38, 39 


SDQb1-SDQb4 

Input/ 

Output 

Serial Data I/O, SAMb: Input, Output, or High-Z. 

26 


QSFa/SSFa 

Output 

Split SAM Status, SAMa (MT43C4257): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 




Input 

Split SAM Special Function, SAMa (MT43C4258): SSFa=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

28 


QSFb/SSFb 

Output 

Split SAM Status, SAMb (MT43C4257): QSFb indicates which 
half of SAMb is being accessed. (Lower = LOW, Upper = HIGH). 




Input 

Split SAM Special Function, SAMb (MT43C4258): SSFb=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

11,20 


Vcc 

Supply 

Power Supply: +5V ±10% 

30, 40 


Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT43C4257/8 can be divided into four functional 
blocks (see Figure 1): the DRAM and its special functions, 
the Bit Mask Register (BMR), the two Serial Access Memo- 
ries (SAMs), and the DRAM/SAM/BMR transfer circuitry. 
All the operations described below are also shown in the 
AC Timing Diagrams section of this data sheet and are 
summarized in the Functional Truth Table. 

Note: For dual function pins, the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TR/( OE). 

DRAM OPERATION 

This section describes the operation of the random access 
port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C4257/8 
TPDRAM must be refreshed to retain data. All 512 row 
address combinations must be accessed within 8ms. The 
MT43C4257/8 supports CAS-BEFORE-RA^ RAS ONLY 
and HIDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row-ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8 ms tim e period. 

For RAS-ONLY REFRESH cycles, the refresh address 
must be generated externally and applied to the A0-A8 
inputs . The DQ pins remain in a High-Z state for both the 
RAS-ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog- 
gling RAS (while kee ping CA S LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS REFRESH cycles 
but does not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and Bit Mask Register portions of the MT43C4257/8 are 
fully static and do not require any refreshing. 


DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the TPDRAM has several special func- 
tions that may be used when writing to the DRAM. 

The 18 address bits used to select a 4-bit word from the 
262,144 available are latched into the chip using the A0-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are setup 
on the address inputs and clocked into the part when RAS 
transitions from HIGH to LOW. Next, the 9 column-ad- 
dress bits are setup on the address inputs and clocked in 
when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, (TR)/OE is used when 
RAS goes LOW, to select between DRAM and TRANSFER 
cycles. (TR)/OE must be HIGH at the RAS HIGH to LOW 
transition for all DRAM operations. 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The 
(TR)/OE input must transition from HIGH to LOW some- 
time after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If ME/(WE) is LOW at the RAS 
HIGH to LOW transition, a MASKED WRITE operation is 
selected . For any TPDRAM non-masked access cycle (READ 
or WRITE), ME/ (WE) must be HIGH at th e RA S HIGH to 
LOW transition. If (ME) / WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ4 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, RE AD-MODIFY - 
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE, and FAST-PAGE-MODE RE AD-MODIFY- WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 


NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITE cycle when changing only certain 
bits within a 4-bit word. The MT43C4257/8 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME /(WE), DSF1 and DSF2 are LOW at the RAS HIGH 
to LOW transition, the data (mask data) present on the 
DQ1-DQ4 inputs will be written into the mask data register. 
The mask data acts as an individual write enable for each of 
the four DQ1-DQ4 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 


allows normal WRITE operations to proceed. This conven- 
tion is used for all masks on the MT43C4257/8. Note that 
CAS is still HIGH. When CAS goes LOW, the bits present on 
the DQ1-DQ4 inputs will be either written to the DRAM (if 
the mask data bit was HIGH) or ignored (if the mask data 
bit was LOW). The DRAM contents that correspond to the 
masked bits will not be changed during the WRITE cycle. 
When using NONPERSISTENT MASKED WRITE, the data 
present on the DQ inputs is loaded into the mask data 
register at every falling edge of RAS. FAST PAGE MODE 
can be used in tandem with NONPERSISTENT MASKED 
WRITE to write several column locations using the same 
mask during one RAS cycle. An example of NONPERSIS- 
TENT MASKED WRITE cycle is shown in Figure 2. 
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PERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME /(WE) 
and DSF1 HIGH, and DSF2 LOW when RAS goes LOW. The 
mask data is loaded into the internal register when CAS goes 
LOW, provided DSF1 is LOW (see the LOAD MASK REG- 
ISTER description). 

Mask data may also be loaded into the mask register by 
simply performing a NONPERSISTENT MASKED WRITE 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per- 
forme d by t aking ME/ (WE) and DSF2 LOW and DSF1 HIGH 
when RAS goes LOW. The contents of the mask data regis- 
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 3 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MAS KED W RITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 


BLOCK WRITE (BW) 

If DSF1 is HIGH when CAS goes LOW, the 
MT43C4257/ 8 will perform a BLOCK WRITE cycle (WE = 
"don’t care") instead of a normal WRITE cycle. In BLOCK 
WRITE cycles, the contents of the color register (instead of 
the DQ inputs) are directly written to four adjacent column 
locations (see Figure 4). A total of 16 bits will be written 
simultaneously, improving the normal DRAM fill rate by 
four times. The color register must be loaded prior to 
beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" (out of the 128 possible) of 
four adjacent column locations that will be accessed. When 
CAS goes LOW, the DQ inputs are then used to determine 
which combination of the four column locations will be 
changed. DQ1 acts as a write enable for column location 
A0=0, A1=0; DQ2 controls column location A0=1, A1=0; 
DQ3 controls A0=0, Al=l; and DQ4 controls A0=1, Al=l. 
The write enable controls are active HIGH; a logic 1 enables 
and a logic 0 disables the WRITE function. 
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Figure 4 

BLOCK WRITE EXAMPLE 


The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

Note: When performing a BLOCK WRITE , WE is a "don 't 

care". This means LATE-WRITEs in the BW mode 
are not allowed. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER- 
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column location. 

Like NONPERSISTENT MASKED WRITE, thecombina- 
tion of ME /(WE) LOW and DSF1 LOW when RAS goes 
LOW, initiates a NONPERSIST ENT M ASK cycle. The DSF 
pin must be driven HIGH, when CAS goes LOW to perform 


a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERS ISTEN T MASKED WRITE except that DSF1 is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func- 
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 

The MT43C4257/8 contains two 4-bit registers that are 
used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF1 is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combi nation of TR/ (OE), ME/ (WE), and DSF1 being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSF1 is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle , the mask data 

register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF1 is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer- 
enced from the array. 

Note: The three ports of the TPDRAM are independent and 

asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME)/ WE when RAS goes LOW indi- 
cates the direction of the TRANSFER. At the same time, 
DSF1 is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS- 
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C4257/8 include a feature called BIT MASKED 
TRANSFER, which uses a third, 2048-bit data register to 
individually mask every bit involved in a transfer opera- 
tion. The BIT MASKED TRANSFER may be applied to 
either READ or WRITE TRANSFERS. The TRM pin is used 
to select between NORMAL and BIT MASKED TRANSFER 
(or BIT MASK REGISTER LOAD) cycles. The type of trans- 
fer operation is always selected on the falling edge of RAS. 

NORMAL TRANSFERS 

The MT43C4257/8 support all of the popular transfer 
cycles available on the 1 Meg Video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if ME/(WE) is 
HIGH, and DSF1 and TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the four 512-bit DRAM rows that are 
to be transferred to the four SAM data registers. The column 
address bits indicate the start address (or Tap point) of the 
next serial output cycle from the designated SAM data 


registers. QSF indicates the SAM half being accessed; LOW 
if the lower half, HIGH if the upper. Performing a READ 
TRANSFER cycle sets the direction of the selected SAM's 
I/O buffers to the output mode. 

To complete a REA L-TIM E R EAD-T RANSFER, TO / (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME R EAD TRANSFER to the 
serial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/(OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD, tCSD and tASD delays, 
(see READ TRANSFER AC timing diagram). The 2048 bits 
of DRAM data are then written into the SAM data registers 
and the selected SAM's Tap address that was stored in the 
internal, 9-bit Tap address register is loaded into the ad- 
dress counter. If SE for the SAM selected (SEa for SAMa) is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the next SC clock pulse. SE enables the 
serial outputs, and may be either HIGH or LOW during this 
operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc- 
tion. A normal (non-split) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT can be initiated by taking DSF1 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in non- 
split transfers, the row address is used to specify the DRAM 
row to be transferred. When an SRT cycle is initiated, the 
half of the SAM not actively being accessed will be the half 
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that receives the transfer. When CAS falls, address pins A0- 
A 7 determine the T ap address for the SAM-half selected; A8 
= "don't care." If CAS does not fall, the previously loaded 
Tap address will be reused and the TRANSFER will be to 
the idle half. 

Figure 5 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
purpose of the SRT from the same row is to initiate the split 
SAM operating mode and load the Tap address for the 
upper half of the SAM. For the MT43C4257, serial access 
continues and when the SAM address counter reaches 255 
("A8"=l, A0-A7=0), the QSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati- 
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may now be transferred to 
the lower half. This sequence of waiting for the state of QSF 
to change and then transferring new data to the SAM half 
that is not being accessed may now be repeated. For ex- 


ample, the next step in Figure 5 would be to wait until QSF 
went LOW (indicating that row-1 data is shifting out the 
lower SAM) and then tr ansferring the upper half of row 1 to 
the u pper SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad- 
dressed SAM will be reused. 

The split SAM operation is slightly different for the 
MT43C4258. Instead of having a QSF, this device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count may be stopped 
on the current half and the Tap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (255; lower, 511; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati- 
cally loaded when the maximum count of the current SAM- 
half is reached. QSF = 0 when the Lower SAM (bits 0-255) 
is being accessed. QSF = 1 when the Upper SAM (bits 256- 
511) is being accessed. 





(NORMAL) READ TRANSFER 

FROM: Row 0 
TO: Full SAM 

SAM I/O is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 


SPLIT READ TRANSFER ! 

FROM: Row 0 ; 

TO: Upper SAM j 

Serial output from < 

Lower SAM continues | 


Serial output switches 
from Lower SAM to 
Upper SAM 

1) QSF goes HIGH 

2) SSF = HIGH switches 
half at data count "X", 
new Tap address loaded 


SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 

Serial output from 
Upper SAM continues 
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NOTE: 1) MT43C4257 
2) MT43C4258 


f%j DON’T CARE 


Figure 5 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also take n LOW or HIGH to select S AMa or S AMb, 
respectively, when RAS goes LOW. The row address indi- 
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper. Performing a WT sets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle can be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (DMWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the four DQ planes (see Figure 6). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

SPLIT WRITE TRANSFER (SWT) 

The SPLIT WRITE TRANSFER feature makes it possible 
to input and transfer uninterrupted bit streams. Figure 7 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the SPLIT WRITE TRANSFER cycle does 
not change the state of the SAM I/O buffers. A normal, DQ 
MASKED or PSEUDO WRITE TRANSFER cycle is required 
to set the Tap address and set the SAM I/O direction to 
input mode. 

After the WT, a SWT is performed to enter the split SAM 
operating mode. This sets the Tap for the next half of the 
SAM. The addressed half of the SAM is immediately trans- 



Figure 6 

DQ MASKED WRITE TRANSFER 


ferred to the first destination row. This half of the SAM may 
not yet contain valid data. However, another SWT to the 
same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an SWT addressed to any DRAM row, 
but mask (disable) all four of the DQ planes. This method 
can be used to initiate the SWT sequence without disturbing 
any DRAM data. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the four DRAM DQ 
planes. For example, the DQ1 MASKED WRITE bit enables 
or disables the transfer of the SAM SDQ1 register to the DQ1 
plane of the DRAM row selected (see the DQ MASKED 
WRITE TRANSFER description). As in all other MASKED 
WRITE operations, a HIGH enables the WRITE TRANSFER 
and a LOW disables the WRITE TRANSFER. As with SPLIT 
READ TRANSFER, the half of the SAM not receiving data 
will be the half transferred a nd the Tap address (A0-A7) for 
the other half is loaded when CAS falls (A8isa "don't care"). 
If CAS does not fall, the previously loaded Tap address, A0- 
A7, will be reused. The TRANSFER will be to the idle half. 
When the serial clock crosses the half-SAM boundary, the 
new Tap address for that half is automatically loaded. 

The QSFa and QSFb output (MT43C4257) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
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cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 7 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row 0. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded address (access 
will not move to the next half). 

When operating the MT43C4258 in the SWT mode, the 
address pointer may be changed, at will, to the new Tap 
address of the next half when the final desired input data is 
clocked in. When the final data is input, the SSF input is 
taken HIGH at the corresponding rising edge of SC. The 
next SC rising edge will input data into the Tap location of 
the next half of the SAM. If SSF is not applied, the Tap 
address will be automatically loaded when the maximum 
Tap address count is reached for the current half (255 or 


511). If SSF is HIGH at SC, before an SWT is performed for 
the next half, the access will jump to the old Tap address of 
the same half. Access will not preceed to the next half. If 
terminal count is reached before an SWT, the access will 
proceed as it does for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SCa,b, SEa,b and SSFa,b (MT43C4258). The rising 
edge of SC increments the serial address counter and pro- 
vides access to the next SAM location. SE enables or disables 
the serial input/output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded during the DRAM-TO-SAM 
TRANSFER cycle. The SC input increments the address 
counter and presents the contents of the next SAM location 
to the 4-bit port. SE is used as an output enable during the 
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SAM output operation. The serial address is automatically 
incremented with every SC LOW-to-HIGH transition, 
regardless of whether SE is HIGH or LOW. For the 
MT43C4257, the address progresses through the SAM and 
will wrap around (after count 255 or 51 1 ) to the Tap address 
of the next half, for split modes. Address count will wrap 
around (after count 51 1) to Tap address 0 if in the "full" SAM 
modes. For the 43C4258, the address count will wrap as it 
does for the MT43C4257 or it may be triggered, at will, to the 
next half by the SSF input (split SAM modes). If SSF is HIGH 
at a LOW-to-HIGH transition of SC, the Tap address of the 
next half will be loaded into the address pointer. The 
following LOW to HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address register (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a WRITE 
ENABLE for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW to HIGH transition 
of SC, regardless of the logic level on the SE input. 

BIT MASKED TRANSFERS 

This section describes transfers between the DRAM and 
either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED TRANS- 
FERS, the bit mask register must first be loaded with the 
mask data. See the next section, BIT MASK REGISTER 
OPERATIONS, for instructions on how to load the Bit Mask 
Register (BMR). 


The BMR is a 2048-bit register that individually controls 
each of the 2048 transfer gates on the internal 512x4 transfer 
bus (see Figure 8). These bus transfer gates reside between 
the DRAM array and the three data registers and are set to 
the "pass-thru" mode for nonmasked transfers. For BIT 
MASKED TRANSFERS, the data in the BMR is coupled to 
the control inputs of the bus transfer gates. A logic "1" in the 
BMR will select the pass-thru (unmasked) mode for the 
corresponding SAM data bit, while a logic "0" will select the 
masked mode for that bit. 

BIT MASKED TRANSFERS may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERS. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERS between the DRAM and either of the two 
SAM registers are possible. Figure 9 illustrates the BIT 
MASKED TRANSFER functions. 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER can be used to transfer 
any combination of the 2048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except to select the BIT 
MASKED feature, TRM and DSF2 are HIGH. If a bit in the 
BMR is a logic "1", the bus connection between the corre- 
sponding DRAM bit and the selected SAM bit is enabled 
and the data at the destination (one of the SAMs for BMRT) 
will be changed to the source data (the DRAM row for 
BMRT). 
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BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the Bit Mask Register before the data is written to the 
DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS- 
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are m asked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 256 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 256 SAM bits for that 


row half will be masked by the corresponding 256 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require- 
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 

This section describes how to transfer data to or from the 
Bit Mask Register (BMR) and how to clear the BMRs con- 
tents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR-RT) 

Any DRAM row may be transferred to the BMR by using 
the BMR READ TRANSFER function. When RAS" falls, TO/ 
(OE) is LOW to select a transfer cycle. TRM is HIGH to 
indicate that the BMR is involved in the TRANSFER cycle, 
and DSF2 is LOW to indicate that the data is to be trans- 
ferred to the BMR (as opposed to using the contents of the 
BMR as bit mask data). The remainder of the timing and 
control required is identical to a normal READ TRANSFER 
cycle. No Tap address is loaded in this TRANSFER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS=LOW) or inverted 
(STS=HIGH) data is transferred to the bit mask register. For 
all transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
Input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into S AMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI 
or HIGH to enable SMI. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 4 bit-planes, the data on the MKD pin is 
written to each bit plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 

If the STS pin is HIGH at RAS time the DRAM data will 
be inverted before being written to the BMR. All 2048 bits 
involved in the transfer will be complemented. The func- 
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 
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BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME) / WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputs are used to input a DQ bit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-in verted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER, the 
2048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case, DSF1 is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW address is present at RAS time will be used 
as the address for a RAS-ONLY REFRESH. Since a SAM is 
involved in the trans fer, a new SAM starting Address (or 
Tap) will be loaded at CAS time. This address will be loaded 
into the serial address counter of the SAM selected by STS 
at RAS time. 

Note: Any SAM/BMR TRANSFER will take the device out 

of the split SAM mode, if it was in that mode before the 
transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to one of 
the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR- 
TO-SAM TRANSFER. STS is LOW to select S AMa or HIGH 
to select SAMb as the destination for the BMR data. The 


remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and a new Tap address will be loaded when CAS falls. 



CLEAR BIT MASK REGISTER (CLR-BMR) 

The entire contents of the BMR can be cleared (set all bit 
LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG- 
ISTER function. TR/(OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/ (WE), DSF1 and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS- 
FERS can be used with the CLR-BMR function to set or clear, 
respectively, any DRAM row. The CLR-BMR function is 
used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto- 
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 

Whenever the BMR is accessed, the MKD input is sensed 
and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
four of the bit mask register ' s DQ planes (see Figure 1 0) . The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD=HIGH at RAS time to en- 
able the SMI mode. Then SAMb is prepared to accept input 
data by performing PSEUDO WRITE TRANSFER. The 
SAM starting address loaded will also apply to the BMR. 
For every address location that data is written to in SAMb, 
the corresponding address location in the BMR will be 
written to the value present on MKD (all four planes of the 
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BMR will be written). After the input of data to SAMb is 
complete, a BIT MASKED WRITE TRANSFER may be done 
and only the unmasked data from SAMb will be transferred 
to the DRAM. The BMR will be cleared automatically after 
a BIT MASKED WRITE TRANSFER from SAMb, if the 
device is in the SMI mode. A BMSWT from SAMb will clear 
only half of the BMR. This allows a new mask to be loaded 
during the next fill of SAMb, without performing a CLR- 
BMR cycle. If data is to be masked during the BMWT then 
MKD is held LOW when the corresponding SAMb data is 
written. If the data is to be written (unmasked) to the DRAM 
during the BMWT, then MKD is held HIGH when the 
corresponding SAMb location is written. The function of 
the MKD pin is dependent on the I/O direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. If SMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," no new data may be written 
to the BMR via MKD. MKD is also "don't care" if the SMI 
mode is disabled. Note that the mask data loaded via SAMb 
may also be applied to a S AMa TRANSFER cycle, if the mask 
hasn't been cleared by a SAMb TRANSFER or a CLR-BMR 


cycle. The BMR will not be cleared after a TRANSFER 
involving SAMa. 

POWER UP INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms, the device must be initialized. 

After Vcc is at specified operating conditions, for lOOps 
(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain ran- 
dom data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power-up in the serial input mode (WRITE TRANSFERS) 
and the SAM I/O pin s (SDQs) are in a High-Z state, regard- 
less of the state of SE ab. Also, SPLIT TRANSFER and SMI 
modes are disabled. Both QSF (MT43C4257) outputs are in 
the High-Z state. Both SAMs, bit mask, color, and DRAM 
mask registers all contain random data after power-up. 
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TRUTH TABLE 1 


CODE 

FUNCTION 

RAS FALLING EDGE 

CM FALL 

A0-A8 2 

DQ1 - DQ4 3 

REGISTERS 

CAS 

TR/UT 

ME /WE 10 

DSF1 

DSF2 

SEa , $Eb 

TRM 

MKD 

STS 

DSF1 

RAS 

CAS 

RAS 

CAS 4 

MASK 

COLOR 

DRAM OPERATIONS 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

I 11 

I 11 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ROR 

RAS ONLY REFRESH 

i 

1 

X 

X 

X 

X 

X 

X 

X 

- 

ROW 

- 

X 

- 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

i 

1 

1 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

i 

1 

0 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) 

MASKED WRITE TO DRAM 

i 

1 

0 

1 

0 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM 
(NO DATA MASK) 

i 

1 

1 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A2 - A8) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

i 

1 

0 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A2 - A8) 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

i 

1 

0 

1 

0 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A2 - A8) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS 

LMR 

LOAD MASK REGISTER 

i 

1 

1 

1 

o 11 

X 

X 

X 

X 

0 

X s 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

i 

1 

1 

1 

0 11 

X 

X 

X 

X 

1 

X s 

X 

X 

COLOR 

DATA 

X 

LOAD 

TRANSFER OPERATIONS 

RT 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

0 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

SRT 9 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

i 

0 

1 

1 

0 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 

X 

X 

X 

X 

WT 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

i 

0 

0 

0 

0 

0 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

i 

0 

0 

0 

0 

1 

0 

X 

0=SAMa 

1 =SAMb 

X 

X 5 

TAP 6 

X 

X 

X 

X 

SWT 9 

SPLIT WRITE TRANSFER (SPLIT SAM- 
TO-DRAM TRANSFER WITH MASK) 

i 

0 

0 

1 

0 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 

DMWT 

DQ MASKED WRITE TRANSFER 

i 

0 

0 

0 

1 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 
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CODE 

FUNCTION 

RAS FALLING EDGE 

CAS FALL 

AO - A8 2 

DQ1 - DQ4 3 

REGISTERS 

CAS 

m/isr 

ME/WF 0 

DSF1 

DSF2 

SEa, SEb 

TRM 

MKD 

STS 

DSF1 

RAS 

CAS 

RAS 

css 4 

MASK 

COLOR 

BIT MASK REGISTER OPERATIONS 

BMR- 

RT 

BMR READ TRANSFER 
(DRAM-BMR TRANSFER) 

1 

0 

1 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

X 

X 

X 

X 

BMR- 

IRT 

BMR READ TRANSFER 
(DRAM— INVERT— ’BMR TRANSFER) 

1 

0 

1 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

X 

X 

X 

X 

BMR- 

WT 

BMR WRITE TRANSFER 
(BMR— DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

DQ 

MASK 

X 

X 

X 

BMR- 

IWT 

BMR WRITE TRANSFER 
(BMR— INVERT— DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

DQ 

MASK 

X 

X 

X 

SAM- 

BMR 

SAM— BMR TRANSFER 

.1 

0 

0 

1 

0 

X 

1 

0/1 7 

0=SAMa 
1 =SAMb 

X 

X 5 

TAP 6 

X 

X 

X 

X 

BMR- 

SAM 

BMR— SAM TRANSFER 

1 

0 

1 

1 

0 

X 

1 

0/1 7 

0=SAMa 
1 =SAMb 

X 

X 5 

TAP 6 

X 

X 

X 

X 

CLR- 

BMR 

CLEAR BIT MASK REGISTER 
(SETS BMR TO ALL "0's") 

1 

0 

1 

1 

1 

X 

0 

0/1 7 

X 

X 

X 5 

X 

X 

X 1 

X 

X 

BIT MASKED TRANSFER OPERATIONS 

BMRT 

BIT MASKED READ TRANSFER 
(BM DRAM-SAM TRANSFER) 

1 

0 

1 

0 

1 

X 

1 

X 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

BMSRT 9 

BIT MASKED SPLIT READ TRANSFER 
(BM SPLIT DRAM-SAM TRANSFER) 

1 

0 

1 

1 

1 

X 

1 

X 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

BMWT 

BIT MASKED WRITE TRANSFER 
(BM SAM-DRAM TRANSFER) 

1 

0 

0 

0 

1 

X 

1 

X 8 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

BMSWT 9 

BIT MASKED SPLIT WRITE TRANSFER 
(BM SPLIT SAM-DRAM TRANSFER) 

1 

0 

0 

1 

1 

X 

1 

X 8 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 


NOTE: 1.0 = LOW (V IL ), 1 = HIGH (V IH ), X = “don't care”, - = “not applicable” 

2. These columns show what must be present on the A0-A8 inputs when RA S falls and when CA S falls . 

3. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when C AS falls. 

4. On WRITE cycles (except BLOCK WRITE), the input data is latch ed at th e fa l ling edge of CAS or ME/WE, whichever is later. Similarly, 
on READ cycles, the output data is enabled on the falling edge of CAS or TR/OE, whichever is later. 

5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERS the half receiving the transfer is 
determined by the MSB of the internal address counter. The SAM half not currently being accessed will be the half receiving the transfer. 
Column address A8 is a “don't care” for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled (“1”) or disabled (“0”) when the BMR is accessed (see BMR OPERATIONS). If SMI is 
enabled (MKD = “1”), mask data is serially clocked into the BMR with SCb and the BMR is automatically cleared after a BIT MASKED 
WRITE or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERS to any SAM and BIT 
MASKED WRITE TRANSFERS from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. A HIGH will allow data from the SAM address location to be 
written to the DRAM, a LOW will mask data to the DRAM during a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER. 

9. SPLIT TRANSFERS do not change SAM I/O direction . ____ 

10. SAM I/O direction is a function of the state of ME/WE at RAS time. If ME/WE is LOW, then the selected SAM is an input; if ME/WE is 
HIGH then the SAM is an output. 

1 1 . The MT43C4257/8 operates properly if this state is "X", but to allow for future functional enhancements it is recommended that they are 
driven as shown in the Truth Table. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 


(Notes 3, 4, 5) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0 V<Vin<Vcc, all other pins not under test = 0V). 

II 

-10 

10 

PA 


OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0 V<Vout<Vcc). 

loz 

-10 

10 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA, SDQs; -5mA all other outputs) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 2.5mA, SDQs; 5mA all other outputs) 

VOL 


0.4 

V 

1 


CAPACITANCE 

(T a = 25°C; Vcc = 5.0V; f = 1 MHz) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As, TRM, MKD 

Cm 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SCa,b, SEa,b, DSF1 ,2, STS 

SSFa,b 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ, SDQa,b 

Ci/o 


9 

PF 

2 

Output Capacitance: QSFa,b 

Co 


9 

pF 

2 
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CURRENT DRAIN, SAMa and SAMb IN STANDBY 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC ='RC (MIN)) 

Icci 

100 

90 

80 

mA 

3,4 

OPERATING CURRENT: PAGE MODE 
(RAS = Vil CAS = Cycling; 'PC = 'PC (MIN)) 

ICC2 

90 

80 

70 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih, after 8 RAS cycles min) 

ICC3 

7 

7 

7 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc-0.2V, 

after 8 RAS cycles min). All other inputs at Vcc -0.2V or Vss +0.2V 

ICC4 

1 

1 

1 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC5 

100 

90 

80 

mA 

3 

REFRESH CURRENT : CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

90 

80 

70 

mA 

3,5 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICC7 

110 

100 

90 

mA 

3 



CURRENT DRAIN, SAMa and SAMb ACTIVE 


(Notes 3, 4) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC =‘RC (MIN)) 

ICC8 

180 

170 

160 

mA 


OPERATING CURRENT: PAGE MODE 
(RAS = Vil CAS = Cycling; ‘PC ='PC (MIN)) 

ICC9 

160 

150 

140 

mA 


STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih, after 8 RAS cycles min) 

Iccio 

85 

85 

85 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2 V, 

after 8 RAS cycles min). All other inputs at Vcc -0.2V or Vss +0.2V 

Icci 1 

75 

75 

75 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

Icci 2 

180 

170 

160 

mA 


REFRESH CURRENT: CAS-BEFORE-RA5 
(RAS and CAS = Cycling) 

ICCI 3 

170 

160 

150 

mA 

5 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICC14 

180 

170 

160 

mA 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T ft < +70°C; Vcc = 5.0V ± 10%) 


1 A.C. CHARACTERISTICS 

_ 

8 

-10 

-12 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

150 


180 


210 


ns 


READ-MODIFY-WRITE cycle time 

X R\NC 

205 


235 


280 


ns 


FAST PAGE MODE READ or WRITE 
cycle time 

X PC 

45 


55 


65 


ns 


FAST-PAGE-MODE READ-MODIFY- 
WRITE cycle time 

l PRWC 

100 


110 


140 


ns 


Access time from RAS 

'RAC 


80 


100 


120 

ns 

14, 17 

Access time from CAS 

*CAC 


20 


25 


30 

ns 

15 

Access time from (TR)/OE 

{ OE 


20 


25 


30 

ns 


Access time from column address 

' AA 


40 


50 


60 

ns 


Access time from CAS precharqe 

'CPA 


45 


55 


65 

ns 


RAS pulse width 

t RAS 

80 

10,000 

100 

10,000 

120 

10,000 

ns 


RAS pulse width (FAST PAGE MODE) 

t RASP 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

l RSH 

20 


25 


30 


ns 


RAS precharge time 

X RP 

60 


70 


80 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

30 

10,000 

ns 


CAS hold time 

'CSH 

80 


100 


120 


ns 


CAS precharge time 

l CPN 

15 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


15 


ns 


RAS to CAS delay time 

t RCD 

20 

60 

20 

75 

25 

90 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


10 


ns 


Row address setup time 

'asr 

0 


0 


0 


ns 


Row address hold time 

t RAH 

12 


15 


15 


ns 


RAS to column 
address delay time 

l RAD 

17 

40 

20 

50 

25 

60 

ns 

18 

Column address setup time 

•asc 

0 


0 


0 


ns 


Column address hold time 

t CAH 

15 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

DC 

< 

60 


70 


85 


ns 


Column address to 

RAS lead time 

X RAL 

40 


50 


60 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'rch 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'off 

0 

20 

0 

20 

0 

30 

ns 

20 

Output disable 

'OD 

0 

20 

0 

20 

0 

30 

ns 


Output disable hold time from start of write 

x OER 


15 


15 


20 

ns 


Output enable to RAS delay 

'ORD 


0 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T ft < +70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 

! 

PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

*WCS 

0 


0 


0 


ns 

21 

Write command hold time 

'WCH 

15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

'WCR 

60 


75 


85 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

t CWL 

20 


20 


25 


ns 


Data-in setup time 

CO 

a 

0 


0 


0 


ns 

22 

Data-in hold time 

t DH 

20 


20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

l DHR 

60 


70 


90 


ns 


RAS to WE delay time 

t RWD 

110 


130 


160 


ns 

21 

Column address 
to WE delay time 

l AWD 

70 


80 


100 


ns 

21 

CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'ref 


8 


8 


8 

ms 


RAS to CAS precharge time 

^PC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

*CHR 

30 


30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 

l RWH 

12 


15 


15 


ns 


Mask data to RAS setup time 

*MS 

0 


0 


0 


ns 


Mask data to RAS hold time 

t MH 

12 


15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TRANSFER command to RAS setup time 

‘tls 

0 


0 


0 


ns 

25 

TRANSFER command to RAS hold time 

*TLH 

12 

10,000 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ TRANSFER only) 

‘rth 

70 

10,000 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ TRANSFER only) 

l CTH 

20 


25 


30 


ns 

25 

TRANSFER command to column address hold time 
(For REAL-TIME READ TRANSFER only) 

*ATH 

25 


30 


35 


ns 

25 

TRANSFER command to SC lead time 

'tsl 

5 


5 


5 


ns 

25 

TRANSFER command to RAS HIGH lead time 

'trl 

0 


0 


0 


ns 

25 

TRANSFER command to RAS delav time 

l TRD 

15 


15 


15 


ns 

25 

TRANSFER command to CAS HIGH lead time 

! tcl 

0 


0 


0 


ns 

25 

TRANSFER command to CAS delay time 

'tcd 

15 


15 


15 


ns 

25 

First SC edge to TRANSFER command delay time 

*TSD 

10 


10 


10 


ns 

25 

RAS to first SC edge delay time 

’rsd 

80 


95 


105 


ns 


CAS to first SC edqe delav time 

*CSD 

25 


30 


35 


ns 


Column address to first SC edqe delav time 

’asd 

50 


60 


65 


ns 


Serial output buffer turn-off delav from RAS 

{ SDZ 

10 

35 

10 

40 

10 

45 

ns 


SC to RAS setup time 

! srs 

30 


30 


40 


ns 


RAS to SC delay time 

l SRD 

20 


25 


30 


ns 


Serial data input to SE delay time 

l SZE 

0 


0 


0 


ns 


RAS to SD buffer turn on time 

l SRO 

10 


15 


15 


ns 


Serial data input delay from RAS 

^DD 

45 


50 


55 


ns 


Serial data input to RAS delay time 

'szs 

0 


0 


0 


ns 


Serial-Input-Mode enable 
(SE) to RAS setup time 

'esr 

0 


0 


0 


ns 


Serial-Input-Mode enable (SE) to RAS hold time 

*REH 

12 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

'ys 

0 


0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

’yh 

12 


15 


15 


ns 

26 

DSF, TRM, STS, MKD to RAS setup time 

’fsr 

0 


0 


0 


ns 


DSF, TRM, STS, MKD to RAS hold time 

*RFH 

12 


15 


15 


ns 


DSF to RAS hold time 

Vhr 

60 


65 


70 


ns 


DSF to CAS setup time 

*FSC 

0 


0 


0 


ns 


DSF to CAS hold time 

l CFH 

15 


20 


20 


ns 


SC to QSF delay time 

*SQD 


35 


40 


45 

ns 


RAS to QSF delay time 

t RQD 


65 


85 


105 

ns 


CAS to QSF delay time 

'CQD 


35 


40 


45 

ns 


TR/OE to QSF delay time 

•tqd 


25 


30 


35 

ns 


SPLIT TRANSFER setup time 

'STS 

30 


35 


40 


ns 


SPLIT TRANSFER hold time 

'STH 

30 


35 


40 


ns 


Split SAM setup time to RAS from last SC 

l SCR 

30 


35 


40 


ns 

29 

Split SAM hold time to RAS from first SC 

t RSC 

30 


35 


40 


ns 

29 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

! sc 

25 


30 


35 


ns 


Access time from SC 

*SAC 


25 


30 


35 

ns 

24 

SC precharqe time (SC LOW time) 

'sp 

10 


10 


12 


ns 


SC pulse width (SC HIGH time) 

*SAS 

5 


10 


12 


ns 


Access time from SE 

‘sea 


15 


20 


30 

ns 

24 

SE precharge time 

‘SEP 

10 


15 


15 


ns 


SE pulse width 

l SE 

10 


15 


15 


ns 


Serial data out hold time after 

SC HIGH 

^OH 

5 


5 


5 


ns 

24 

Serial output buffer turn off 
delay from SE 

'SEZ 

0 

12 

0 

15 

0 

25 

ns 

24 

Serial data in setup time 

*SDS 

0 


0 


0 


ns 

24 

Serial data in hold time 

’SDH 

10 


15 


20 


ns 

24 

SERIAL INPUT (Write) Enable 
setup time 

‘sws 

0 


0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

‘SWH 

15 


15 


25 


ns 


SERIAL INPUT (Write) Disable 
setup time 

l SWIS 

0 


0 


0 


ns 


SERIAL INPUT (Write) Disable 
hold time 

l SWIH 

15 


15 


25 


ns 


SSF to SC setup time 

‘SFS 

0 


0 


0 


ns 

29 

SSF to SC hold time 

*SFH 

15 


20 


20 


ns 

29 

SSF LOW to SC HIGH delay 

X SFD 

0 


0 


0 


ns 

29 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 

5V. AV 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the 8ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data outputs (DQ1-DQ4) is high 
impedance. 

12. If CAS = Vil, DRAM data outputs (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 2 TTL gates and lOOpF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that f RCD > f RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
speci fied *RCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

18. Operation within the l RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 


a reference point only; if t RAD is greater than the 
specified ^AD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. l WCS, l RWD, *AWD and tWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
HVCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If HVCS < 
*WCS (MIN), the cycle is a LATE-WRITE and 

TR/ OE must control the output buffers during the 
write to avoid data contention. If l RWD > *RWD 
(MIN), *AWD > f AWD (MIN) and fcWD > tWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if f OD and ‘OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/ WE leading edge in 
late WRITE or READ- WRITE cycles. 

23. During a READ cycle, if TR/ OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 

equivalent to 2 TTL gates and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. _ 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NONTRANSFER command means that TR/OE is 
HIGH when RASgoes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have fc OD and fc OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. Applies to the MT43C4257 only. 

29. Applies to the MT43C4258 only. 
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WRITE CYCLE FUNCTION TABLE 1 


LOGIC STATES 2 

FUNCTION 

CODE 

RAS Falling Edge 

CAS Falling Edge 

A 

ME/WE 

B 

DSF1 

c 

DQ (Input) 

D 

ME/WE 

E 

DSF1 

F 

DQ (Input) 

1 

0 

X 

O/l 5 

0 

DRAM 

Normal DRAM WRITE 

RW 

0 

0 

Write 

Mask 

O/l 5 

0 

DRAM 

(Masked) 

NONPERSISTENT (Load and Use) 
MASKED WRITE to DRAM 

RWNM 

0 

1 

X 

O/l 5 

0 

DRAM 

(Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

RWOM 

1 

0 

X 

X 3 

1 

Column 

Mask 

BLOCK WRITE to DRAM 
(No Data Mask) 

BW 

0 

0 

Write 

Mask 

X 3 

1 

Column 

Mask 

NONPERSISTENT (Load and Use) 
MASKED BLOCK WRITE to DRAM 

BWNM 

0 

1 

X 

X 3 

1 

Column 

Mask 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

BWOM 

1 

1 

X 

X 4 

0 

Write 

Mask 

LOAD MASK REGISTER 

LMR 

1 

1 

X 

X 4 

1 

Color 

Data 

LOAD COLOR REGISTER 

LCR 


NOTE: 


1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E” and “F" for the WRITE cycle 
timing diagrams on the following pages. 

2. TRM , MKD and STS are “don't care” for all WRITE cycles. 

3. WE is a “don't care” for BLOCK WRITE cycles. It occurs on the falling edge of CAS. 

4. Register load cycles can be either EARLY or LATE-WRITE cycles. 

5. If ME/WE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if ME/WE falls 
after CAS. 
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DRAM EARLY-WRITE CYCLE 




“D 

O 

X 


O 

X 

> 


NOTE: 1 . The logic states of “A”, “B”, “C”, “E”, and “F” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM LATE-WRITE CYCLE 12 



NOTE: 1 . The logic states of “A”, “B”, “C”, “E”, and “F” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 

2. LATE-WRITE cycles are not valid for BLOCK WRITES. (ME)/WE = “don't care” at the falling edge of CAS. 
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NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST 
MODE. 

2. The loaic states of “A”. “B”. “C”. "D". “E”. and “F” determine the tvoe of WRITE ODeratic 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2. The logic states of “A”, “B”, "C", and “F” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 


3-201 


I MULTIPORT DRAM 





DRAM RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8) 



CA5-BEFORE-HA5 REFRESH CYCLE 




^ 77 ) DON’T CARE 
jjjjjjl UNDEFINED 


1 . The MT43C4257/8 operates with this state as “don't care”, but to allow for future functional enhancements, it 
is recommended that they be driven as illustrated for system upgradability. 
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DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 
LOGIC STATES 

T ^f Falling ^f9g FUNCTION CODE 

A B C D E F G 

ME/WE DSF1 DSF2 TRM STS MKD DQ (input) 

1 0 0 1 0 X 1 X BMR READ TRANSFER (DRAM-BMR TRANSFER) BMR-RT 

J 0 0 1 1 >0 X BMR READ TRANSFER (DRAIVMnvert-BMR TRANSFER) BMR-IRT 

0 0 0 1 0 X 1 MASK BMR WRITE TRANSFER (BMR-+DRAM TRANSFER) BMR-WT 

0 0 0 1 1 X 1 MASK BMR WRITE TRANSFER (BMR-invert-DRAM TRANSFER) BMR-IWT 

1 1 1 0 X X 1 X CLEAR BMR (CLR-BMR) CLR- BMR 


DRAM/BMR TRANSFERS 



IOTE: 1 . Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 
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READ TRANSFER CYCLE FUNCTION TABLE 1 


LOGIC STATES 2 



Falling Edge 

FUNCTION 

CODE 

A 

B 

c 

D 

E 

DSF1 

DSF2 

TRM 

STS 

MKD 



0 

0 

0 

0/1 2 

X 

READ TRANSFER (DRAM-SAM) 

RW 

1 

0 

0 

0/1 2 

X 

SPLIT READ TRANSFER (DRAM-SAM) 

SRT 

0 

1 

1 

0/1 2 

X 

BIT MASKED READ TRANSFER 

BMRT 

1 

1 

1 

0/1 2 

X 

BIT MASKED SPLIT READ TRANSFER 

BMSRT 

1 

0 

1 

0/1 2 

0/1 3 

BMR-SAM TRANSFER 

BMR-SAM 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E" for READ TRANSFER 
cycle timing diagrams on the following page s. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when STS = HIGH the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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READ TRANSFER 1 4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



NOTE: 1. QSF = “OPEN”; SSF = "Don't Care” ^undefined 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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REAL-TIME READ TRANSFER 1 4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



loaded for the addressed 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 

4. The logic states of “A”, “B”, “C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SPLIT READ TRANSFER 3 
(SPLIT DRAM-TO-SAM TRANSFER) 



DON’T CARE 

NOTE: 1 . CAS is used to load the Tap address. If CAS does not fall, the last Tap address $3 undefined 

loaded for the addressed SAM will be reused for the idle half. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3. The logic states of “A”, “B”, “C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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WRITE TRANSFER CYCLE FUNCTION TABLE 1 


LOGIC STATES 

FUNCTION 

CODE 

RAS Falling Edge 

sc 

A 

DSF1 

B 

DSF2 

c 

DQ 

D 

TRM 

E 

STS 

F 

3 E 

G 

MKD 

H 

MKD 

0 

0 

X 

0 

0/1 2 

0 

X 

- 

WRITE TRANSFER (SAM-DRAM) 

WT 

0 

0 

X 

0 

0/1 2 

1 

X 

- 

PSEUDO WRITE TRANSFER 

PWT 

1 

0 

mask 

0 

0/1 2 

X 

X 

- 

SPLIT WRITE TRANSFER (sam-dram) 

SWT 

0 

1 

mask 

0 

0/1 2 

X 

X 

- 

DQ MASKED WRITE TRANSFER (SAM-DRAM) 

DMWT 

0 

1 

X 

1 

0/1 2 

X 

X 

0/1 4 

BIT MASKED WRITE TRANSFER (sam-dram) 

BMWT 

1 

1 

mask 

1 

0/1 2 

X 

X 

0/1 4 

BIT MASKED SPLIT WRITE TRANSFER 

(SAM-DRAM) 

BMSWT 

1 

0 

X 

1 

0/1 2 

X 

0/1 3 

- 

SAM-BMR TRANSFER 

SAM-BMR 


NOTE: 1 . QSF = “OPEN”; SSF = “Don't Care.” 

Refer to this function table to determine the logic states of “A”, “B”, “C“, ”D“, “E” , “F\ “G”, and “H” for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when SAM = HIGH the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 

4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 
all bit planes of the bit mask register with SCb. A logic “1” on MKD will allow data to pass through the mask; 
a logic “0” will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERS to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 
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WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 



1 . CAS is used to load the Tap address. If CAS does not fall, the last undefined 

Tap address loaded for the addressed SAM will be reused. " ' 

2. There must be no rising edges on the SC input during this time period. 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless of 
SE. 


4. The logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-51 1 ) is being accessed. SSFa,b = “don’t care” (MT43C4258). 
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WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 
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j DON’T CARE 

1 . CAS is used to load the Tap address. If CAS does not fall, gg undefined 

the last Tap address loaded for the addressed SAM will be reused. v ' 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-51 1 ) is being accessed. SSFa,b = “don’t care” (MT43C4258). 
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SPLIT WRITE TRANSFER 3 
(SPLIT SAM-TO-DRAM TRANSFER) 



QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3. The logic states of “A”, “B”, “C”, “D”, “E”, and “H” determine the type of TRANSFER operation performed. 
See the Write Transfer Cycle Function Table. 
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SAMa or SAMb SERIAL INPUT 


SEa, b 


SCa, b 


SDQa, b 


SEa, b 


SCa, b 


SDQa, b 


IOTE : 



SAMa or SAMb SERIAL OUTPUT 



SEa, SCa and SDQa are used when accessing SAMa and SEb; SCb and SDQb are used when access 
in SAMb. 
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TRIPLE PORT 128K x 8 DRAM WITH 
DRAM DUAL 256 x 8 SAMS 


FEATURES 

• Three asynchronous, independent, data access ports 

• Fast access times - 80ns random, 25ns serial 

• Operation and control compatible with 1 Meg VRAMS 

• High performance CMOS silicon gate process 

• Low power: 15mW standby; 450mW active, typical 

• 512-cycle refresh within 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RA5 and 
HIDDEN 

• FAST PAGE MODE access cycles 

• Two bidirectional Serial Access Memories (SAMs) 

• Fully static SAMs and Mask Register, no refresh 
required 

• 2048-bit Transfer Mask Register 

• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 

• MASKED WRITE (Write-Per-Bit) 

• PERSISTENT MASKED WRITE 

• SPLIT READ AND WRITE TRANSFERS 

• BLOCK WRITE 

• BIT MASKED TRANSFERS 

OPTIONS MARKING 

• Timing (DRAM, SAMs) 

80ns, 25ns - 8 

100ns, 30ns -10 

120ns, 35ns -12 

• Packages 

Plastic LCC (750 mil) EJ 

• Functionality 

QSF Output (indicates SAM half accessed) 43C8128 

SSF input (Split SAM special function, stop count) 43C8129 

GENERAL DESCRIPTION 

The MT43C8128/9 are high speed, triple port CMOS 
dynamic random access memories (TPDRAM) containing 
1,048,576 bits. Data may be accessed by an 8 bit wide DRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden- 
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access I/O port, a pair of internal 2048 bit 
wide paths between the DRAM and the SAMs, and the pair 


PIN ASSIGNMENT (Top View) 
52-PIN PLCC (D-3) 
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of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod- 
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x 8-bit, Bit Mask Data Reg- 
ister can be parallel loaded from the DRAM or, either SAM, 
or it may be serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The r efresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the MT43C8128/9 are com- 
patible with the operation of the MT42C8128 (128K x 8 
Video RAM). However, the MT43C8128/9 offer an addi- 
tional SAM and special features that may be used to en- 
hance system performance. 


MT43C8128/9 
REV. 1/91 
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PIN DESCRIPTIONS 


PLCC PIN 

NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7 

SCa 

Input 

Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

1 

SCb 

Input 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

12 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation at the 
falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

18 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: ME A/VE is also used to select a READ (ME/ WE = 

H) or WRITE (ME /WE = L) cycle when accessing the DRAM. This 
includes a READ TRANSFER (ME/WE = H) or WRITE TRANS- 
FER (ME/WE = L). 

41 

SEa 

Input 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other- 
wise, the output buffers are in a High-Z state. SEa is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL INPUT MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

47 

SEb 

Input 

Serial Port Enable, SAMb: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other- 
wise, the output buffers are in a High-Z state. SEb is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

35 

DSF1 

Input 

Special Function (Control) 1 : DSF1 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

21 

DSF2 

Input 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

20 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row-address 
bits and as a strobe for control and data inputs. 

33 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 8 column- 
address bits, enable the DRAM output buffers (along with 

TR/OE), and as a strobe for control and data inputs. 
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PIN DESCRIPTIONS (Continued) 


PLCC PIN 

NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

31,30,29, 28 

25, 24, 27, 22 

23 

AO- A8 

Input 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 128K available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and A0-A7 indicate the SAM start address (when 

CAS goes LOW). A 7, A8 = “don't care” for the start address when 
doing SPLIT TRANSFER. 

19 

STS 

Input 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa=LOW, SAMb=HIGH). 

46 

MKD 

Input 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD=HIGH at RAS), then MKD is used 
as mask data input and is clocked by SCb into the mask data 
register. 

6 

TRM 

Input 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

13, 14, 15, 16 

37, 38, 39, 40 

DQ1 - DQ8 

Input/ 

Output 

DRAM Data I/O: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load cycles; 
address mask inputs for BLOCK WRITE cycles. 

8, 9, 10, 11 

42, 43, 44, 45 

SDQal -SDQa8 

Input/ 

Output 

Serial Data I/O, SAMa: Input, Output, or High-Z. 

2, 3,4,5 

48, 49, 50, 51 

SDQb1-SDQb8 

Input/ 

Output 

Serial Data I/O, SAMb: Input, Output, or High-Z. 

32 

QSFa/SSFa 

Output 

Split SAM Status, SAMa (MT43C8128): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 



Input 

Split SAM Special Function, SAMa (MT43C8129): SSFa=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

34 

QSFb/SSFb 

Output 

Split SAM Status, SAMb (MT43C8128): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 



Input 

Split SAM Special Function, SAMb (MT43C8129): SSFb=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

17, 26 

Vcc 

Supply 

Power Supply: +5V ±10% 

52,36 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT43C8128/9 may be divided into four functional 
blocks (see Figure 1): the DRAM and its special functions, 
the Bit Mask Register (BMR), the two Serial Access Memo- 
ries (SAMs), and the DRAM /SAM /BMR transfer circuitry. 
All the operations described below are also shown in the 
AC Timing Diagrams section of this data sheet and are 
summarized in the Functional Truth Table. 

Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing transfer operations 
the TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 

This section describes the operation of the random access 
port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C8128/9 
TPDRAM must be refreshed to retain data. All 512 row- 
address combinations must be accessed within 8ms. The 
MT43C8128/9 supports CAS-BEFORE-RAS, RAS-ONLY 
and HIDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONLY REFRESH cycles, the refresh address 
must be generated externally and applied to the A0-A8 
inputs . The DQ pins remain in a High-Z state for both the 
RAS ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog- 
gling RAS (while kee ping C AS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and Bit Mask Register portions of the MT43C8128/9 are 
fully static and do not require any refreshing. 


DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 128K x 8 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the TPDRAM has several special func- 
tions that may be used when writing to the DRAM. 

The 17 address bits used to select an 8-bit word from the 
131,0 72 available are latched into the chip using the A0-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are setup 
on the address inputs and clocked into the part when RAS 
transitions from HIGH to LOW. Next, the 8 column-ad- 
dress bits (AO - A7) are setup on the address inputs and 
clocked in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, (TR)/OE is used when 
RAS goes LOW, to select between DRAM and TRANSFER 
cycles. (TR)/OE must be HIGH at the RAS HIGH-to-LOW 
transition for all DRAM operations. 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The 
(TR)/OE input must transition from HIGH-to-LOW some- 
time after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If ME/(WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAM non-masked access cycle (READ 
or WRITE), ME/ (WE) must be HIGH at th e RA S HIGH to 
LOW transition. If (ME) / WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ8 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY- WRITE, LATE-WRITE, READ-MODIFY- 
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE, and FAST-PAGE-MODE RE AD-MODIFY- WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE 



X = NOT EFFECTIVE (DON’T CARE) 


Figure 2 

NONPERSISTENT MASKED WRITE EXAMPLE 


7/J\ DON'T CARE 


NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY- WRITE cycle when changing only certain 
bits within an 8-bit word. The MT43C8128/9 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE), DSF1 and DSF2 are LOW at the RAS HIGH- 
to-LOW transition, the data (mask data) present on the 
DQ1 -DQ8 inputs will be written into the mask data register. 
The mask data acts as an individual write enable for each of 
the eight DQ1-DQ8 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 


allows normal WRITE operations to proceed. This conven- 
tion is used for all masks on the MT43C8128/9. Note that 
CAS is still HIGH. When CAS goes LOW, the bits present on 
the DQ1-DQ8 inputs will be either written to the DRAM (if 
the mask data bit was HIGH) or ignored (if the mask data 
bit was LOW). The DRAM contents that correspond to the 
masked bits will not be changed during the WRITE cycle. 
When using NONPERSISTENT MASKED WRITE, the data 
present on the DQ inputs is loaded into the mask data 
register at every falling edge of RAS. FAST PAGE MODE 
may be used in tandem with NONPERSISTENT MASKED 
WRITE to write several column locations using the same 
mask during one RAS cycle. An example of NONPERSIS- 
TENT MASKED WRITE cycle is shown in Figure 2. 
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Figure 3 

PERSISTENT MASKED WRITE EXAMPLE 


\ DON’T CARE 


PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/(WE) 
and DSF1 HIGH, and DSF2 LOW when R AS goes LOW. The 
mask data is loaded into the internal register when CAS goes 
LOW, provided DSF1 is LOW (see the LOAD MASK REG- 
ISTER description). 

Mask data may also be loaded into the mask register by 
simply performing a NONPERSISTENT MASKED WRITE 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per- 
f ormed by taking ME / (WE) and DSF2 LOW and DSF1 HIGH 
when RAS goes LOW. The contents of the mask data regis- 
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 3 shows the LOAD MASK REGISTER and 
PERSISTENTMASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MAS KED W RITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 


BLOCK WRITE (BW) 

If DSF1 is HIGH when CAS goes LOW, the 
MT43C8128/9 will perform a BLOCK WRITE cycle (WE = 
"don't care") instead of a normal WRITE cycle. In BLOCK 
WRITE cycles, the contents of the color register (instead of 
the DQ inputs) are directly written to four adjacent column 
locations (see Figure 4). A total of 32 bits will be written 
simultaneously, improving the normal DRAM fill rate by 
four times. The color register must be loaded prior to 
beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" (out of the 64 possible) of 
four adjacent column locations that will be accessed. When 
CAS goes LOW, the DQ inputs are then used to determine 
which combination of the four column locations will be 
changed. DQ1 acts as a write enable for column location 
A0=0, A1=0; DQ2 controls column location A0=1, A1=0; 
DQ3 controls A0=0, Al=l; and DQ4 controls A0=1, Al=l. 
The write enable controls are active HIGH; a logic 1 enables 
and a logic 0 disables the WRITE function. 
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COLUMN 
(A2-A7 at CAS) 



Figure 4 

BLOCK WRITE EXAMPLE 


The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

Note: When performing a BLOCK WRITE , WE is a " don 't 

care". This means LATE-WRITEs in the BW mode 
are not allowed. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON- 
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, the combina- 
tion of ME/ (WE) LOW and DSF1 LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 


pin must be driven HIGH, when CAS goes LOW, to per- 
form a NONPERSISTENT MASKED BLOCK WRITE. By 
using both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the eight column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERS ISTEN T MASKED WRITE except that DSF1 is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func- 
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 

The MT43C8128/9 contains two 8-bit registers that are 
used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF1 is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combi natio n of TR/ (OE), ME / (WE), and DSF1 being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSF1 is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 

register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF1 is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 


3-222 




PRELIMINARY 


MICRON 

■ TECHNOLOGY, INC. 


MT43C8128/9 


TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer- 
enced from the array. 

Note: The three ports of the TPDRAM are independent and 

asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/ (OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME) /WE when RAS goes LOW indi- 
cates the direction of the TRANSFER. At the same time, 
DSF1 is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS- 
FER cycle s. A TR ANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C8128/9 include a feature called BIT MASKED 
TRANSFER, which uses a third, 2048-bit data register to 
individually mask every bit involved in a TRANSFER 
operation. The BIT MASKED TRANSFER may be applied 
to either READ or WRITE TRANSFERS. The TRM pin is 
used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edge of RAS. 

NORMAL TRANSFERS 

The MT43C8128/9 support all of the popular transfer 
cycles available on the 1 Meg video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if M E/CW E) is 
HIGH, and DSF1 a nd TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the eight 256-bit DRAM rows that are 
to be transferred to the eight SAM data registers. The 
column address bits indicate the start address (or Tap point) 


of the next serial output cycle from the designated SAM 
data registers. QSF indicates the SAM half being accessed: 
LOW if the lower half; HIGH if the upper. Performing a 
READ TRANSFER cycle sets the direction of the selected 
SAMs I/O buffers to the output mode. 

To complete a REA L-TIM E R EAD-T RANSFER, TR / (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME RE AD-T RANSFER to the se- 
rial clock, the rising edge of TR/(OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/(OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD, tCSD and tASD delays, 
(see READ TRANSFER AC timing diagram). The 2048 bits 
of DRAM data are then written into the SAM data registers, 
and the selected SAM's Tap address that was stored in the 
internal, 8-bit Tap address register is loaded into the ad- 
dress counter. If SE for the SAM selected (SEa for SAMa) is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the next SC clock pulse. SE enables the 
serial outputs, and may be either HIGH or LOW during this 
operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc- 
tion. A normal (nonsplit) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT maybe initiated by taking DSF1 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. When an SRT cycle is initiated, the half of 
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the SAM not actively bein g acce ssed will be the half that 
receives the transfer. When CAS falls, address pins A0-A6 
determine the Tap address for the SAM-half selected; A 7 = 
"don't care." If CAS does not fall, the previously loaded Tap 
address will be reused and the TRANSFER will be to the 
idle half. 

Figure 5 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
purpose of the SRT from the same row is to initiate the split 
SAM operating mode and load the Tap address for the 
upper half of the SAM. For the MT43C8128, serial access 
continues and when the SAM address counter reaches 127 
("A7"=l, A0-A6=0), the QSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati- 
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may now be transferred to 
the lower half. This sequence of waiting for the state of QSF 
to change and then transferring new data to the SAM half 
that is not being accessed may now be repeated. For ex- 


ample, the next step in Figure 5 would be to wait until QSF 
went LOW (indicating that row-1 data is shifting out the 
lower SAM) and then transferring the upper half of row 1 to 
the upper SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad- 
dressed SAM will be reused. 

The split SAM operation is slightly different for the 
MT43C8129. Instead of having a QSF, this device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count may be stopped 
on the current half and the Tap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (127; lower, 255; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati- 
cally loaded when the maximum count of the current SAM- 
half is reached. QSF = 0 when the Lower SAM (bits 0-255) is 
being accessed. QSF = 1 when the Upper SAM (bits 256-51 1 ) 
is being accessed. 



SSF 2 


4 



-ry 


(NORMAL) READ TRANSFER 

FROM: Row 0 
TO: Full SAM 

SAM I/O is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 


SPLIT READ TRANSFER 

FROM: RowO 
TO: Upper SAM 

Serial output from 
Lower SAM continues ! 


Serial output switches i 

from Lower SAM to \ 

Upper SAM 

1) QSF goes HIGH ! 

2) SSF = HIGH switches | 

half at data count "X", 1 

new Tap address loaded ! 


SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 

Serial output from 
Upper SAM continues 
(QSF remains HIGH) 


NOTE: 1) MT43C8128 

2) MT43C8129 ^ DON’T CARE 

Figure 5 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also taken LOW or HIGH to select SAMa or SAMb, 
respectively, when RAS goes LOW. The row address indi- 
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper. Performing a WT sets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle can be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUtDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (DMWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the eight DQ planes (see Figure 6). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

SPLIT WRITE TRANSFER (SWT) 

Thb SPLIT WRITE TRANSFER feature makes it possible 
to input and transfer uninterrupted bit streams. Figure 7 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the SPLIT WRITE TRANSFER cycle does 
not change the state of the SAM 1/ O buffers. A normal, DQ 
MASKED or PSEUDO WRITE TRANSFER cycle is required 
to set the Tap address and set the SAM I/O direction to 
input mode. 

After the WT, a SWT is performed to enter the split SAM 
operating mode. This sets the Tap for the next half of the 
SAM. The addressed half of the SAM is immediately trans- 



Figure 6 

DQ MASKED WRITE TRANSFER 

ferred to the first destination row. This half of the SAM may 
not yet contain valid data. However, another SWT to the 
same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an SWT addressed to any DRAM row, 
but mask (disable) all eight of the DQ planes. This method 
can be used to initiate the SWT sequence without disturbing 
any DRAM data. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the eight DRAM DQ 
planes. For example, the DQ1 MASKED WRITE bit enables 
or disables the transfer of the SAM SDQ1 register to the DQ1 
plane of the DRAM row selected (see the DQ MASKED 
WRITE TRANSFER description). As in all other MASKED 
WRITE operations, a HIGH enables the WRITE TRANSFER 
and a LOW disables the WRITE TRANSFER. As with SPLIT 
READ TRANSFER, the half of the SAM not receiving data 
will be the half transferred and the Tap address (A0-A6) for 
t he othe r half is loaded when CAS falls (A7 is a "don't care"). 
If CAS does not fall, the previously loaded Tap address, A0- 
A6, will be reused. The TRANSFER will be to the idle half. 
When the serial clock crosses the half-SAM boundary, the 
new Tap address for that half is automatically loaded. 

The QSFa and QSFb outputs (MT43C8128) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
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half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 7 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row 0. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded address (access 
will not move to the next half). 

When operating the MT43C8129 in the SWT mode, the 
address pointer may be changed, at will, to the new Tap 
address of the next half when the final desired input data is 
clocked-in. When the final data is input, the SSF input is 
taken HIGH at the corresponding rising edge of SC. The 
next SC rising edge will input data into the Tap location of 
the next half of the SAM. If SSF is not applied, the Tap 


address will be automatically loaded when the maximum 
Tap address count is reached for the current half (127 or 
255). If SSF is HIGH at SC, before an SWT is performed for 
the next half, the access will jump to the old Tap address of 
the same half. Access will not preceed to the next half. If 
terminal count is reached before an SWT, the access will 
proceed as it does for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 

The control inputsfor SERIAL INPUT and SERIAL OUT- 
PUT are SCa,b and SEa,b. The rising edge of SC increments 
the serial address counter and provides access to the next 
SAM location. SE enables or disables the serial input/ out- 
put buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded during the DRAM-TO-SAM 



PSUEDO WRITE TRANSFER 


FROM: Full SAM 
TO: Oblivion 

SAM I/O is set to Input 
Mode and serial input 
to Lower SAM begins 
(QSF goes LOW) 


SPLIT WRITE TRANSFER 
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Serial input to Upper 
SAM continues (QSF 
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Figure 7 
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TYPICAL SPLIT WRITE TRANSFER INITIATION SEQUENCE 
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Figure 8 

BIT MASKED TRANSFER BLOCK DIAGRAM 


TRANSFER cycle. The SC input increments the address 
counter and presents the contents of the next SAM location 
to the 8-bit port. SE is used as an output enable during the 
SAM output operation. The serial address is automatically 
incremented with every SC LOW-to-HIGH transition, 
regardless of whether SE is HIGH or LOW. For the 
MT43C8128, the address progresses through the SAM and 
will wrap around (after count 127 or 255) to the Tap address 
of the next half, for split modes. Address count will wrap 
around (after count 255) to Tap address 0 if in the "full" SAM 
modes. For the MT43C8129, the address count will wrap as 
it does for the MT43C8128 or it may be triggered, at will, to 
the next half by the SSF input (split SAM modes). If SSF is 
HIGH at a LOW-to-HIGH transition of SC, the Tap address 
of the next half will be loaded into the address pointer. The 
following LOW-to-HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address register (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a WRITE 
ENABLE for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi- 
tion of SC, regardless of the logic level on the SE input. 

BIT MASKED TRANSFERS 

This section describes transfers between the DRAM and 
either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED TRANS- 
FERS, the bit mask register must first be loaded with the 


mask data. See the next section, BIT MASK REGISTER 
OPERATIONS, for instructions on how to load the Bit Mask 
Register (BMR). 

The BMR is a 2048-bit register that individually controls 
each of the 2048 transfer gates on the internal 256 x 8 transfer 
bus (see Figure 8). These bus transfer gates reside between 
the DRAM array and the three data registers and are set to 
the "pass-thru" mode for nonmasked transfers. For BIT 
MASKED TRANSFERS, the data in the BMR is coupled to 
the control inputs of the bus transfer gates. A logic "1 " in the 
BMR will select the pass-thru (unmasked) mode for the 
corresponding SAM data bit, while a logic " 0 " will select the 
masked mode for that bit. 

BIT MASKED TRANSFERS may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERS. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERS between the DRAM and either of the two 
SAM registers are possible. Figure 9 illustrates the BIT 
MASKED TRANSFER functions. 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER can be used to transfer 
any combination of the 2048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except to select the BIT 
MASKED feature, TRM and DSF2 are HIGH. If a bit in the 
BMR is a logic "1", the bus connection between the corre- 
sponding DRAM bit and the selected SAM bit is enabled 
and the data at the destination (one of the SAMs for BMRT) 
will be changed to the source data (the DRAM row for 
BMRT). 
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Figure 9 

BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS- 
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are m asked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 128 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 128 SAM bits for that 
row-half will be masked by the corresponding 128 mask 


register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require- 
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 

This section describes how to transfer data to or from the 
Bit Mask Register (BMR) and how to clear the BMR's 
contents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR-RT) 

Any DRAM row may be transferred to the bit mask 
register by using the BMR READ TRANSFER function. 
When RAS falls, TR/(OE) is LOW to select a transfer cycle. 
TRM is HIGH to indicate that the BMR is involved in the 
TRANSFER cycle, and DSF2 is LOW to indicate that the 
data is to be transferred to the BMR (as opposed to using the 
contents of the BMR as bit mask data) . The remainder of the 
timing and control required is identical to a normal READ 
TRANSFER cycle. No Tap address is loaded in this TRANS- 
FER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS=LOW) or inverted 
(STS=HIGH) data is transferred to the bit mask register. For 
all transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
Input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI 
or HIGH to enable SMI. After the transfer is completed the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 8 bit-planes, the data on the MKD pin is 
written to each bit-plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 

If the STS pin is HIGH at RAS time the DRAM data will 
be inverted before being written to the BMR. All 2048 bits 
involved in the transfer will be complemented. The func- 
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 
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BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME) /WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputs are used to input a DQ bit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enabl e or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-in verted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER, the 
2048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case, DSF1 is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW address is present at RAS time will be used 
as the address for a RAS-ONLY REFRESH. Since a SAM is 
involved in the transfer, a new SAM starting Address (or 
Tap) will be loaded at CAS time. This address will be loaded 
in to the serial address counter of the SAM selected by STS 
at RAS time. 

Note: Any SAM/BMR TRANSFER will take the device out 

of the split SAM mode, if it was in that mode before the 
transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to one of 
the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR- 
TO-SAM TRANSFER. STS is LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 


remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 



The entire contents of the BMR can be cleared (set all bit 
LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at MS time for the CLEAR BIT MASK REG- 
ISTER function. TR/(OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME /(WE), DSF1 and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS- 
FERS can be used with the CLR-BMR function to set or clear, 
respectively, any DRAM row. The CLR-BMR function is 
used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto- 
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 


SERIAL MASK INPUT (SMI) 

Whenever the BMR is accessed, the MKD input is sensed 
and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
eight of the bit mask register's DQ planes (see Figure 10). 
The SCb clock input and SAMb's address counter are used 
to input data to SAMb and the BMR. SEb will enable (LOW) 
or disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the seque nce, t he BMR is 
cleared (CLR-BMR) with MKD=HIGH at RAS time to en- 
able the SMI mode. Then SAMb is prepared to accept input 
data by performing PSEUDO WRITE TRANSFER. The 
SAM starting address loaded will also apply to the BMR. 
For every address location that to which data is written in 
SAMb, the corresponding address location in the BMR will 
be written to the value present on MKD (all eight planes of 
the BMR will be written). After the input of data to SAMb 
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Figure 10 

SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 


is complete, a BIT MASKED WRITE TRANSFER may be 
done and only the unmasked data from SAMb will be 
transferred to the DRAM. The BMR will be cleared auto- 
matically after a BIT MASKED WRITE TRANSFER from 
SAMb, if the device is in the SMI mode. A BMSWT from 
SAMb will clear on half of the BMR. This allows a new mask 
to be loaded during the next fill of SAMb, without performing 
a CLR-BMR cycle. If data is to be masked during the BM WT, 
then MKD is held LOW when the corresponding SAMb 
data is written. If the data is to be written (unmasked) to the 
DRAM during the BMWT, then MKD is held HIGH when 
the corresponding SAMb location is written. The function 
of the MKD pin is dependent on the I/O direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. If SMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," no new data may be written 
to the BMR via MKD. MKD is also "don’t care" if the SMI 
mode is disabled. Note that the mask data loaded via SAMb 
may also be applied to a SAMa TRANSFER cycle, if the mask 
hasn't been cleared by a SAMb TRANSFER or a CLR-BMR 
cycle. The BMR will not be cleared after a TRANSFER 
involving SAMa. 


POWER UP INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms the device must be initialized. 

After Vcc is at specified operating conditions, for IOOjis 
( minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain 
random data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power up in the serial input mode (WRITE TRANSFERS) 
and the SAM I/O pins (SDQ’s) are in a High-Z state, 
regardless of the state of SE ab. Also, SPLIT TRANSFER and 
SMI modes are disabled. Both QSF (MT43C8128) outputs 
are in the High-Z state. Both SAMs as well as bit mask, color, 
and DRAM mask registers all contain random data after 
power-up. 
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TRUTH TABLE 1 


CODE 

FUNCTION 

BAS FALLING EDGE 

CAS FALL 

A0-A8 2 

DQ1 - DQ8 3 

REGISTERS 

CAS 

TR/I5E" 

ME/WE 10 

DSF1 

DSF2 

SEa, SEb 

TRM 

MKD 

STS 

DSF1 

RAS 

CAS 

A8=X 

RAS 

CAS 4 

MASK 

COLOR 

DRAM OPERATIONS 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

I 11 

I 11 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ROR 

RAS ONLY REFRESH 

i 

1 

X 

X 

X 

X 

X 

X 

X 

— 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

i 

1 

0 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) 

MASKED WRITE TO DRAM 

i 

1 

0 

1 

0” 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM 
(NO DATA MASK) 

i 

1 

1 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A2 - A7) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

i 

1 

0 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A2 - A7) 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

1 

1 

0 

1 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 
(A 2 - A7) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS 

LMR 

LOAD MASK REGISTER 

i 

1 

1 

1 

o 11 

X 

X 

X 

X 

0 

X 5 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

i 

1 

1 

1 

o 11 

X 

X 

X 

X 

1 

X 5 

X 

X 

COLOR 

DATA 

X 

LOAD 

TRANSFER OPERATIONS ~ 

RT 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

0 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

SRT 9 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

i 

0 

1 

1 

0 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

WT 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

i 

0 

0 

0 

0 

0 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

i 

0 

0 

0 

0 

1 

0 

X 

0=SAMa 

1=SAMb 

X 

X 5 

TAP 

X 

X 

X 

X 

SWT 9 

SPLIT WRITE TRANSFER (SPLIT SAM- 
TO-DRAM TRANSFER WITH MASK) 

i 

0 

0 

1 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 

DMWT 

DQ MASKED WRITE TRANSFER 

i 

0 

0 

0 

1 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 
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CODE 

FUNCTION 

RAS FALLING EDGE 

CAS FALL 

A0-A8 2 

DQ1 - DQ4 3 

REGISTERS 

CAS 

TR/tJF 

ME/WF 0 

DSF1 

DSF2 

Sfa, SEb 

TRM 

MKD 

STS 

DSF1 

RAS 

CAS 

A8=X 

RAS 

css 4 

MASK 

COLOR 

BIT MASK REGISTER OPERATIONS 

BMR- 

RT 

BMR READ TRANSFER 
(DRAM-BMR TRANSFER) 

i 

0 

i 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

X 

X 

X 

X 

BMR- 

IRT 

BMR READ TRANSFER 
(DRAM-INVERT-BMR TRANSFER) 


0 

i 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

X 

X 

X 

X 

BMR- 

WT 

BMR WRITE TRANSFER 
(BMR-DRAM TRANSFER) 

i 

0 

0 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

DQ 

MASK 

X 

X 

X 

BMR- 

IWT 

BMR WRITE TRANSFER 
(BMR-INVERT-DRAM TRANSFER) 

i 

0 

0 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

DQ 

MASK 

X 

X 

X 

SAM- 

BMR 

SAM— BMR TRANSFER 

1 

0 

0 

1 

0 

X 

1 

0/1 7 

0=SAMa 

1=SAMb 

X 

X 5 

TAP 6 

X 

X 

X 

X 

BMR- 

SAM 

BMR-SAM TRANSFER 

i 

0 

1 

1 

0 

X 

1 

0/1 7 

0=SAMa 
1 =SAMb 

X 

X 5 

TAP 6 

X 

X 

X 

X 

CLR- 

BMR 

CLEAR BIT MASK REGISTER 
(SETS BMR TO ALL "O’s") 

i 

0 

1 

1 

1 

X 

0 

0/1 7 

X 

X 

X 5 

X 

X 

X 

X 

X 

BIT MASKED TRANSFER OPERATIONS 

BMRT 

BIT MASKED READ TRANSFER 
(BM DRAM— SAM TRANSFER) 

1 

0 

1 

0 

1 

X 

1 

X 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 

X 

X 

X 

X 

BMSRT 9 

BIT MASKED SPLIT READ TRANSFER 
(BM SPLIT DRAM-SAM TRANSFER) 

i 

0 

1 

1 

1 

X 

1 

X 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 

X 

X 

X 

X 

BMWT 

BIT MASKED WRITE TRANSFER 
(BM SAM-DRAM TRANSFER) 

i 

0 

0 

0 

1 

X 

1 

X 8 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 

X 

X 

X 

X 

3MSWT 9 

BIT MASKED SPLIT WRITE TRANSFER 
(BM SPLIT SAM-DRAM TRANSFER) 

i 

0 

0 

1 

1 

X 

1 

X 8 

0=SAMa 
1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

LOAD & 
USE 

X 


NOTES: 1.0 = LOW (V IL ), 1 = HIGH (V IH ), X = “don't care”, - = “not applicable” _ __ 

2. These columns show what must be present on the A0-A8 inputs when RA S falls and A0-A7 wh en C AS falls. 

3. These columns show what must be present on the DQ1 -DQ8 inputs when RAS falls and when C AS falls. 

4. On WRITE cycles (except BLOCK WRITE), the input data is latch ed at th e fa l ling edge of CAS or ME/WE, whichever is later. Similarly, 
on READ cycles, the output data is enabled on the falling edge of CAS orTR/OE, whichever is later. 

5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERS the half receiving the transfer is 
determined by the MSB of the internal address counter. The SAM half not currently being accessed will be the half receiving the transfer. 
Column address A7 is a “don't care” for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled (“1”) or disabled (“0”) when the BMR is accessed (see BMR OPERATIONS). If SMI is 
enabled (MKD = “1”), mask data is serially clocked into the BMR with SCb and the BMR is automatically cleared after a BIT MASKED 
WRITE or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERS to any SAM and BIT 
MASKED WRITE TRANSFERS from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. A HIGH will allow data from the SAM address location to be 
written to the DRAM, a LOW will mask data to the DRAM during a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER. 

9. SPLIT TRANSFERS do not change SAM I/O direction. 

1 0. SAM I/O direction is a function of the state of ME/WE at RAS time. If ME/WE is LOW, then the selected SAM is an input; if ME/WE is 
HIGH then the SAM is an output. 

1 1 . The MT43C8128/9 operates properly if this state is “X”, but to allow for future functional enhancements it is recommended that they are 
driven as shown in the Truth Table. 

■ MULTIPORT DRAM 


3-232 




PRELIMINARY 



MT43C8128/9 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Operating Temperature, Ta(Ambient) 0°C to +70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(Notes 3, 4, 5) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

(any input (0 V<Vin<Vcc, all other pins not under test = 0V). 

II 

-10 

10 



OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0 V<Vout<Vcc). 

loz 

-10 

10 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

VOH 

2.4 


V 


Output Low Voltage (Iout = 2.5mA) 

VOL 


0.4 

V 

1 


CAPACITANCE 

(T a = 25°C; Vcc = 5.0V; f = 1 MHz) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-As, TRM, MKD 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SCa,b, SEa,b, DSF1 ,2, STS 

SSFa,b 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ, SDQa,b 

Ci/o 


9 

PF 

2 

Output Capacitance: QSFa,b 

Co 


9 

pF 

2 
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CURRENT DRAIN, SAMa and SAMb IN STANDBY 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

Icci 

100 

90 

80 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil CAS = Cycling; 'PC = 'PC (MIN)) 

ICC2 

90 

80 

70 

mA 

3,4 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih, after 8 RAS cycles min) 

ICC3 

7 

7 

7 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS=CAS=Vcc-0.2V, 

after 8 RAS cycles min). All other inputs at Vcc-0.2V or Vss+0.2V 

ICC4 

1 

1 

1 

mA 


REFRESH CURRENT: MS-ONLY 
(RAS=Cycling; CAS=Vih) 

ICC5 

100 

90 

80 

mA 

3 

REFRESH CURRENT: CAS-BE FORE- RAS 
(RAS and CAS=Cycling) 

ICC6 

90 

80 

70 

mA 

3,5 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICC7 

110 

100 

90 

mA 

3 



CURRENT DRAIN, SAMa and SAMb ACTIVE 


(Notes 3, 4) (0°C < T A < 70°C; Vcc = 5.0V ± 10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

-12 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC =‘RC (MIN)) 

ICC8 

180 

170 

160 

mA 


OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil CAS = Cycling; 'PC = 'PC (MIN)) 

ICC9 

160 

150 

140 

mA 


STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS=CAS=Vih, after 8 RAS cycles min) 

Iccio 

85 

85 

85 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS=CAS=Vcc-0.2V, 

after 8 RAS cycles min). All other inputs at Vcc-0.2V or Vss+0.2V 

Icci 1 

75 

75 

75 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS=Cycling; CAS=Vih) 

Icci 2 

180 

170 

160 

mA 


REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS=Cycling) 

ICCI 3 

170 

160 

150 

mA 

5 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICCI 4 

180 

170 

160 

mA 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T^< +70°C; Vcc = 5.0V + 10%) 


A.C. CHARACTERISTICS 

-8 


-12 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

150 


180 


210 


ns 


READ-MODIFY-WRITE cycle time 

*RWC 

205 


235 


280 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'pc 

45 


55 


65 


ns 


FAST-PAGE-MODE READ-MODIFY- 
WRITE cycle time 

t PRWC 

100 


110 


140 


ns 


Access time from RAS 

t RAC 


80 


100 


120 

ns 

14, 17 

Access time from CAS 

*CAC 


20 


25 


30 

ns 

15 

Access time from (TR)/OE 

l OE 


20 


25 


30 

ns 


Access time from column address 

t AA 


40 


50 


60 

ns 


Access time from CAS precharqe 

< 

CL 

o 


45 


55 


65 

ns 


RAS pulse width 

*RAS 

80 

10,000 

100 

10,000 

120 

10,000 

ns 


RAS pulse width (FAST PAGE MODE) 

t RASP 

80 

100,000 

100 

100,000 

120 

100,000 

ns 


RAS hold time 

t RSH 

20 


25 


30 


ns 


RAS precharge time 

l RP 

60 


70 


80 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

30 

10,000 

ns 


CAS hold time 

’CSH 

80 


100 


120 


ns 


CAS precharge time 

*cpn 

15 


15 


20 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


15 


ns 


RAS to CAS delay time 

l RCD 

20 

60 

20 

75 

25 

90 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


10 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

12 


15 


15 


ns 


RAS to column 
address delay time 

t RAD 

17 

40 

20 

50 

25 

60 

ns 

18 

Column address setup time 

'asc 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


20 


25 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

60 


70 


85 


ns 


Column address to 

RAS lead time 

t RAL 

40 


50 


60 


ns 


Read command setup time 

’rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'off 

0 

20 

0 

20 

0 

30 

ns 

20 

Output Disable 

x OD 

0 

20 

0 

20 

0 

30 

ns 


Output Disable hold time from start of write 

x OEH 


15 


15 


20 

ns 


Output Enable to RAS delay 

x ORD 


0 


0 


0 

ns 
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DRAM TIMING PARAMETERS (Continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A <+70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

*wcs 

0 


0 


0 


ns 

21 

Write command hold time 

'WCH 

15 


20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

60 


75 


85 


ns 


Write command pulse width 

’wp 

15 


15 


20 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

20 


20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

bHR 

60 


70 


90 


ns 


RAS to WE delay time 

*RWD 

110 


130 


160 


ns 

21 

Column address 
to WE delay time 

*AWD 

70 


80 


100 


ns 

21 

CAS to WE delay time 

'CWD 

50 


60 


70 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'ref 


8 


8 


8 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RA5 refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

30 


30 


30 


ns 

5 

ME/WE to RAS setup time 

'WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 

1 rwh 

12 


15 


15 


ns 


Mask data to RAS setup time 

•ms 

0 


0 


0 


ns 


Mask data to RAS hold time 

l MH 

'2 


15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 


PARAMETER 



MAX 

MIN 

MAX 

MIN 

MAX 

n 

NOTES 

TRANSFER command to RAS setup time 

X TLS 

0 


0 


0 


ns 

25 

TRANSFER command to RAS hold time 

’tlh 

12 

10,000 

15 

10,000 

15 

10,000 

ns 

25 

TRANSFER command to RAS hold time 
(REAL-TIME READ TRANSFER only) 

’rth 

70 

10,000 

80 

10,000 

90 

10,000 

ns 

25 

TRANSFER command to CAS hold time 
(REAL-TIME READ TRANSFER only) 

X 

1 — 
o 

20 


25 


30 


ns 

25 

TRANSFER command to column address hold time 
(For REAL-TIME READ TRANSFER only) 

r ATH 

25 


30 


35 


ns 

25 

TRANSFER command to SC lead time 

'tsl 

5 


5 


5 


ns 

25 

TRANSFER command to RAS HIGH lead time 

’trl 

0 


0 


0 


ns 

25 

TRANSFER command to RAS delay time 

’trd 

15 


15 


15 


ns 

25 

TRANSFER command to CAS HIGH lead time 

Hcl 

0 


0 


0 


ns 

25 

TRANSFER command to CAS delay time 

'tcd 

15 


15 


15 


ns 

25 

First SC edge to TRANSFER command delay time 

X TSD 

10 


10 


10 


ns 

25 

RAS to first SC edge delay time 

! rsd 

80 


95 


105 


ns 


CAS to first SC edae delay time 

X CSD 

25 


30 


35 


ns 


Column address to first SC edae delay time 

l ASD 

50 


60 


65 


ns 


Serial output buffer turn-off delay from RAS 

( SDZ 

10 

35 

10 

40 

10 

45 

ns 


SC to RAS setup time 

*SRS 

30 


30 


40 


ns 


RAS to SC delay time 

’SRD 

20 


25 


30 


ns 


Serial data input to SE delay time 

’SZE 

0 


0 


0 


ns 


RAS to SD buffer turn-on time 

’SRO 

10 


15 


15 


ns 


Serial data input delay from RAS 

( SDD 

45 


50 


55 


ns 


Serial data input to RAS delay time 

( SZS 

0 


0 


0 


ns 


Serial Input Mode enable 
(SE) to RAS setup time 

'esr 

0 


0 


0 


ns 


Serial Input Mode enable (SE) to RAS hold time 

*REH 

12 


15 


15 


ns 


NONTRANSFER command 
to RAS setup time 

l YS 

0 


0 


0 


ns 

26 

NONTRANSFER command to RAS hold time 

Vh 

12 


15 


15 


ns 

26 

DSF, TRM, STS, MKD to RAS setup time 

’fsr 

0 


0 


0 


ns 


DSF, TRM, STS, MKD to RAS hold time 

*RFH 

12 


15 


15 


ns 


DSF to RAS hold time 

l FHR 

60 


65 


70 


ns 


DSF to CAS setup time 

'fsc 

0 


0 


0 


ns 


DSF to CAS hold time 

*CFH 

15 


20 


20 


ns 


SC to QSF delay time 

'SQD 


35 


40 


45 

ns 


RAS to QSF delay time 

'RQD 


65 


85 


105 

ns 


CAS to QSF delay time 

*CQD 


35 


40 


45 

ns 


TR/OE to QSF delay time 

•tqd 


25 


30 


35 

ns 


SPLIT TRANSFER setup time 

l STS 

30 


35 


40 


ns 


SPLIT TRANSFER hold time 

*STH 

30 


35 


40 


ns 


Split SAM setup time to RAS from last SC 

'SCR 

30 


35 


40 


ns 

29 

Split SAM hold time to RAS from first SC 

l RSC 

30 


35 


40 


ns 

29 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5.0V + 1 0%) 


A.C. CHARACTERISTICS 

-8 

-10 

-12 

J 

PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

*sc 

25 


30 


35 


ns 


Access time from SC 

’SAC 


25 


30 


35 

ns 

24 

SC precharge time (SC LOW time) 

l SP 

10 


10 


12 


ns 


SC pulse width (SC HIGH time) 

*SAS 

5 


10 


12 


ns 


Access time from SE 

’sea 


15 


20 


30 

ns 

24 

SE precharge time 

’SEP 

10 


15 


15 


ns 


SE pulse width 

*se 

10 


15 


15 


ns 


Serial data out hold time after 

SC HIGH 

^OH 

5 


5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

*SEZ 

0 

12 

0 

15 

0 

25 

ns 

24 

Serial data in setup time 

*SDS 

0 


0 


0 


ns 

24 

Serial data in hold time 

l SDH 

10 


15 


20 


ns 

24 

SERIAL INPUT (Write) Enable 
setup time 

*SWS 

0 


0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

*SWH 

15 


15 


25 


ns 


SERIAL INPUT (Write) Disable 
setup time 

*SWIS 

0 


o 


0 


ns 


SERIAL INPUT (Write) Disable 
hold time 

*SWIH 

15 


15 


25 


ns 


SSF to SC setup time 

’SFS 

0 


0 


0 


ns 

29 

SSF to SC hold time 

*SFH 

15 


20 


20 


ns 

29 

SSF LOW to SC HIGH delay 

’SFD 

0 


0 


0 


ns 

29 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = IAt with AV = 3V and Vcc = 

5V. AV 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the 8ms refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih MIN and Vil MAX are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data outputs (DQ1-DQ8) is high 
impedance. 

12. If CAS = Vil, DRAM data outputs (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gate and 50pF. Output reference levels: 
Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < 4 RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, l RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > 4 RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
speci fied *RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 


a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is con- 
trolled exclusively by *AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. f OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. f WCS, f RWD, f AWD and tWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If ‘WCS > 
*WCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/ OE. If *WCS < 
*WCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If e RWD > f RWD 
(MIN), ‘AWD > *AWD (MIN) and tWD > f CWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and t OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME /WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NON-TRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and l OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. Applies to the MT43C8128 only. 

29. Applies to the MT43C8129 only. 
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WRITE CYCLE FUNCTION TABLE 1 


LOGIC STATES 2 

FUNCTION 

CODE 

Falling Edge 

CA$ Falling Edge 

A 

ME/WE 

B 

DSF1 

c 

DQ (Input) 

D 

ME/WE 

E 

DSF1 

F 

DQ (Input) 

1 

0 

X 

O/l 5 

0 

DRAM 

Normal DRAM WRITE 

RW 

0 

0 

Write 

Mask 

O/l 5 

0 

DRAM 

(Masked) 

NONPERSISTENT (Load and Use) 
MASKED WRITE to DRAM 

RWNM 

0 

1 

X 

O/l 5 

0 

DRAM 

(Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

RWOM 

1 

0 

X 

X 3 

1 

Column 

Mask 

BLOCK WRITE to DRAM 
(No Data Mask) 

BW 

0 

0 

Write 

Mask 

X 3 

1 

Column 

Mask 

NONPERSISTENT (Load and Use) 
MASKED BLOCK WRITE to DRAM 

BWNM 

0 

1 

X 

X 3 

1 

Column 

Mask 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

BWOM 

1 

1 

X 

X 4 

0 

Write 

Mask 

LOAD MASK REGISTER 

LMR 

1 

1 

X 

X 4 

1 

Color 

Data 

LOAD COLOR REGISTER 

LCR 


NOTE: 


1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E” and “F” for the WRITE cycle 
timing diagrams on the following pages. 

2: TRM , MKD and STS are “don't care” for all WRITE cycles. 

3. WE is a “don’t care” for BLOCK WRITE cycles. It occurs on the falling edge of CAS. 

4. Register load cycles can be either EARLY or LATE-WRITE cycles. 

5. If ME/WE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if ME/WE falls 
after CAS. 
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NOTE: 1 . The logic states of “A”, “B”, “C”, "E", and “P determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. _ _ __ 

2. LATE-WRITE cycles are not valid for BLOCK WRITES. (ME)/WE = “don't care” at the falling edge of CAS. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 




1 UAD , 

Usr 

1 RAH 





[ ROW 1 

Wm 


*WSR *RWH I 


Ur 1 | 

Use t CAH 


l CP 

tCAS 




: / 

Use 

l CAH | 

1 



‘wes 


{ WCH 



t W p 


! 



[///| DON’T CARE 
W UNDEFINED 


1 . READ cycles or READ-MOD I FY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, "D", “E”, and “F” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2: The logic states of “A”, “B”, ”C", and “F” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8) 



CA5-BEFORE-HS5 REFRESH CYCLE 



NOTE: 1 . The MT43C81 28/9 operates with this state as “don’t care”, but to allow for future functional enhancements it 
is recommended that they be driven as illustrated for system upgradability. 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) (REFRESH) 



NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, ME/WE 
= LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, TR/OE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE. 
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DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 


LOGIC STATES 



RAS Falling Edge 

FUNCTION 

CODE 

A 

B 

c 

D 

E 

F 

G 

ME/ WE 

DSF1 

DSF2 

TRM 

STS 

MKD 

DQ (input) 



1 

0 

0 

1 

0 

X 1 

X 

BMR READ TRANSFER (DRAM— BMR TRANSFER) 

BMR-RT 

1 

0 

0 

1 

1 

X 1 

X 

BMR READ TRANSFER (DRAM— invert— BMR TRANSFER) 

BMR-IRT 

0 

0 

0 

1 

0 

X 1 

MASK 

BMR WRITE TRANSFER (BMR— DRAM TRANSFER) 

BMR-WT 

0 

0 

0 

1 

1 

X 1 

MASK 

BMR WRITE TRANSFER (BMR— invert— DRAM TRANSFER) 

BMR-IWT 

1 

1 

1 

0 

X 

X 1 

X 

CLEAR BMR (CLR-BMR) 

CLR- BMR 



DRAM/BMR TRANSFERS 



Y/h DON’T CARE 
[jjjjjjl UNDEFINED 


NOTE: 1 . Serial Mask Input mode is enab led if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 
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READ TRANSFER CYCLE FUNCTION TABLE 1 


LOGIC STATES 2 



RAS Falling Edge 

FUNCTION 

CODE 

A 

B 

c 

D 

E 

DSF1 

DSF2 

TRM 

STS 

MKD 



0 

0 

0 

0/1 2 

X 

READ TRANSFER (DRAM-SAM) 

RW 

1 

0 

0 

0/1 2 

X 

SPLIT READ TRANSFER (DRAM-SAM) 

SRT 

0 

1 

1 

0/1 2 

X 

BIT MASKED READ TRANSFER 

BMRT 

1 

1 

1 

0/1 2 

X 

BIT MASKED SPLIT READ TRANSFER 

BMSRT 

1 

0 

1 

0/1 2 

0/1 3 

BMR-SAM TRANSFER 

BMR-SAM 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for READ TRANSFER 
cycle timing diagrams on the following page s. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when STS = HIGH the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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READ TRANSFER 1 4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



NOTE: 1. SSF = “Don't Care” ^undefined 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, ”C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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MT43C8128/9 


REAL-TIME READ TRANSFER 1 4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



loaded for the addressed 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 

4. The logic states of “A”, “B”, ”C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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SPLIT READ TRANSFER 3 
(SPLIT DRAM-TO-SAM TRANSFER) 





12221 DONT CARE 

1 . CAS is used to load the Tap address. If CAS does not fall, the last Tap address 

loaded for the addressed SAM will be reused for the idle half. ^ undefined 

2. QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. The logic states of “A”, “B”, “C”, and “D” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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WRITE TRANSFER CYCLE FUNCTION TABLE 1 


LOGIC STATES 



RAS Falling Edge 

sc 

FUNCTION 

CODE 

A 

B 

c 

D 

E 

F 

G 

H 

DSF1 

DSF2 

DQ 

TRM 

STS 

SE 

MKD 

MKD 



0 

0 

X 

0 

0/1 2 

0 

X 

- 

WRITE TRANSFER (SAM-dram) 

WT 

0 

0 

X 

0 

0/1 2 

1 

X 

- 

PSEUDO WRITE TRANSFER 

PWT 

1 

0 

mask 

0 

0/1 2 

X 

X 

- 

SPLIT WRITE TRANSFER (SAM-dram) 

SWT 

0 

1 

mask 

0 

0/1 2 

X 

X 

- 

DQ MASKED WRITE TRANSFER (SAM-DRAM) 

DMWT 

0 

1 

X 

1 

0/1 2 

X 

X 

0/1 4 

BIT MASKED WRITE TRANSFER (sam-dram) 

BMWT 

1 

1 

mask 

1 

0/1 2 

X 

X 

0/1 4 

BIT MASKED SPLIT WRITE TRANSFER 

(SAM-DRAM) 

BMSWT 

1 

0 

X 

1 

0/1 2 

X 

0/1 3 

- 

SAM— BMR TRANSFER 

SAM-BMR 


NOTE: 


1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G”, and “H” for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when SAM = HIGH the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 

4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 
all bit planes of the bit mask register with SCb. A logic "1 " on MKD will allow data to pass through all the 
mask; a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERS to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 
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WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 



*RCD 




‘AR 


*RAD 



‘rah | 

‘asc 








‘ WSR 

‘rwh 

m. 

m 


1 



i ‘FSR r 

,‘RFH j 1 




’ 1 



; a, b, 

P 

m 


‘off 

‘ms 

;mh 


c ) 

l TLS II l TLH , 


‘SDD | 

‘SDZ | 


SDQa, b vjgt'Z VALID D 0UT 


< ‘SRD ‘SC 

‘SP . 1 1 , ‘SAS _ 1 1 ‘SP 


■ ‘SDS ‘SDH | , *SDS 'SDH . 




DON’T CARE 

NOTE: 1 . CAS is used to load the Tap address. If CAS does not fall, the last m 

Tap address loaded for the addressed SAM will be reused. ^ undefined 

2. There must be no rising edges on the SC input during this time period. 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless of 
SE. 

4. The logic states of "A", "B", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = “don't care” (MT43C8129). 
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WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 




*AR 


*RAD 

1 l ASR 

4 RAH 1 

j 

; 

ROW \ 

*WSR 

*RWH 

>r 

n 

‘fsr 

‘rfh 



| A,B 

D,E f 


c 

‘TLS II 4 TLH 



*SAS | 


1 

l SP 

‘SAS 1 

4 SP 








SCa, b yJH- 

' \ 

^ NOTE 2 \| 


! \ 



‘SDH 

— ?SDS 


1 tSDS 

4 SDHi 

1 , tSDS 




1 . CAS is used to load the Tap address. If CAS does not fall, ^ DONTCARE 

the last Tap address loaded for the addressed SAM will be reused. W undefined 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D”, “E", “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = “don’t care” (MT43C8129). 
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SPLIT WRITE TRANSFER 3 
(SPLIT SAM-TO-DRAM TRANSFER) 



NOTE: 1 . CAS is used to load the Tap address. If CAS does not fall, the last ffl undefined 

Tap address loaded for the addressed SAM will be reused. 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. The logic states of "A", "B", "C", "D", "E", and "H" determine the type of TRANSFER operation performed. 
See the Write Transfer Cycle Function Table. 
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SAMa or SAMb SERIAL INPUT 



SAMa or SAMb SERIAL OUTPUT 



>TE : SEa, SCa and SDQa are used when accessing SAMa and SEb; SCb and SDQb are used when access 
in SAMb. 
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DYNAMIC RAMS 

DRAM MODULES 

MULTIPORT DRAMS 

STATIC RAMS 

SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 

APPLICATION/TECHNICAL INFORMATION 

MILITARY INFORMATION 

PACKAGE INFORMATION 

SALES INFORMATION 
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SRAM PRODUCT SELECTION GUIDE 


Memory 

Control 

Part 

Access 

Package and Number of Pins 



Configuration 

Functions 

Number 

Time (ns) 

PDIP 

S0J 

CDIP 

LCC 

ZIP 

TS0P 

Process 

Page 

16K x 1 

CE only 

MT5C1601 

12 to 35 

20 

24 

20 

20 

- 

- 

CMOS 

4-1 

64K x 1 

CE only 

MT5C6401 

12 to 35 

22 

24 

22 

- 

- 

- 

CMOS 

4-9 

256K x 1 

CE only 

MT5C2561 

20 to 45 

24 

24 

24 

28 

- 

- 

CMOS 

4-17 

1 Meg x 1 

CE only 

MT5C1001 

25 to 45 

28 

28 

28 

32 

* 

28 

CMOS 

4-25 

4K x 4 

CE only 

MT5C1604 

12 to 35 

20 

24 

20 

20 

- 

- 

CMOS 

4-33 

4K x 4 

CE&OE 

MT5C1605 

12 to 35 

22 

24 

22 

- 

- 

- 

CMOS 

4-41 

4K x 4 

Separate I/O 

MT5C1606 

12 to 35 

24 

24 

24 

28 

- 

- 

CMOS 

4-49 

4K x 4 

Separate I/O High-Z 

MT5C1607 

12 to 35 

24 

24 

24 

28 

- 

- 

CMOS 

4-49 

16K x 4 

CE only 

MT5C6404 

12 to 35 

22 

24 

22 

- 

- 

- 

CMOS 

4-57 

16K x 4 

CE&OE 

MT5C6405 

12 to 35 

24 

24 

24 

28 

- 

- 

CMOS 

4-65 

16K x 4 

Separate I/O, CE1 , CE2 

MT5C6406 

12 to 35 

28 

28 

28 

28 

- 

- 

CMOS 

4-73 

16K x 4 

Separate I/O High-Z 

MT5C6407 

12 to 35 

28 

28 

28 

28 

- 

- 

CMOS 

4-73 

64K x 4 

CE only 

MT5C2564 

20 to 45 

24 

24 

24 

28 

- 

- 

CMOS 

4-81 

64K x 4 

CE&OE 

MT5C2565 

20 to 45 

28 

28 

28 

28 

- 

- 

CMOS 

4-89 

256K x 4 

CE&OE 

MT5C1005 

25 to 45 

28 

28 

28 

32 


28 

CMOS 

4-97 

2K x 8 

CE&OE 

MT5C1608 

12 to 35 

24 

24 

24 

24 

- 

- 

CMOS 

4-105 

8K x 8 

CE1, CE2&OE 

MT5C6408 

12 to 35 

28 

28 

28 

32 

- 

- 

CMOS 

4-113 

32K x 8 

CE&OE 

MT5C2568 

20 to 45 

28 

28 

28 

32 

28 

- 

CMOS 

4-121 

128K x 8 

OE, CE1 & CE2 

MT5C1008 

25 to 45 

32 

32 

32 

32 

* 

32 

CMOS 

4-129 

16K x 16 

Latched Address/Data 

MT5C2516 

15 to 25 

- 

- 

- 

- 

- 

- 

CMOS 

4-137 

16Kx 18 

Latched Address/Data 

MT5C2818 

15 to 25 

- 

- 

- 

- 

- 

- 

CMOS 

4-151 


* ZIP introduced in Q191 
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SRAM 16K x 1 SRAM 


FEATURES 

• High speed: 12, 1 5, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


20L/300 DIP 24L/300 SOJ 

(A-4, B-4) (E-4) 



i • 

24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


20L/LCC 

(F-3) 


A2 C 3 
A3 C 4 
A4 [ 5 
A5 C 6 
A6 [ 7 
Q [ 8 


O CO 
1- O O 1- 
< < > < 

1—1 n 1—1 1—1 

2 '1i 20 19 


9 1011 12 


18 ] A12 
17 ] All 
16 ] A10 
15 ] A9 
14 ] A8 
13 ] A7 


|LU 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1 / t RC, 
Outputs Open 

Icc 

140 

125 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

ISBI 

50 

45 

40 

30 

30 

30 

mA 


CE > Vcc -0.2 V; Vcc = MAX 
Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

3 

3 

3 

3 

3 

3 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f= 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 

-12 -15 -20 -25 -30 -35 

DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS N( 

READ Cycle 

READ cycle time l RC 12 15 20 25 30 35 ns 

Address access time t AA 12 15 20 25 30 35 ns 

Chip Enable access time *ACE 11 12 15 20 25 30 ns 

Output hold from address change 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ! LZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z l HZCE 7 7 10 10 15 20 ns ( 

Chip Enable to power-up time X P\J 0 0 0 0 0 0 ns 

Chip Disable to power-down time l PD 12 15 20 25 30 35 ns 

WRITE Cycle 


'RC 

12 


15 


20 


25 


30 


35 

ns 

*AA 


12 


15 


20 


25 


30 


35 ns 

•ace 


11 


12 


15 


20 


25 


30 ns 

*OH 

3 


3 


3 


3 


3 


3 

ns 

'LZCE 

3 


3 


5 


5 


5 


5 

ns 

l HZCE 


7 


7 


10 


10 


15 


20 ns 

*PU 

0 


0 


0 


0 


0 


0 

ns 

*PD 


12 


15 


20 


25 


30 


35 ns 


WRITE cycle time 

*WC 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

*CW 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

*AW 

12 


12 


15 


20 


25 


25 


ns 



Address setup time 


l AS 0 


Address hold from end of write VVH 0 

Write pulse width *WP 10 

Data setup time X DS 7 

Data hold time l DH 0 


Write Disable to output in Low-Z ! LZWE 


Write Enable to output in High-Z l HZWE 


15 


20 


25 


25 

10 


10 


15 


15 

0 


0 


0 


0 








2 


2 


2 


2 


8 







lofi 

I 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 


480 
: 30 pF 


V 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 


480 
5 pF 


V 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE and TfZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
TlZCE is less than ‘LZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-165. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


95 

250 

pA 


Vcc = 3v 



300 

400 

pA 


Chip Deselect to Data 
Retention Time 


'CDR 

0 



ns 

4 

Operation Recovery Time 


4 R 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 




DON’T CARE 
UNDEFINED 
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64K x 1 SRAM 



FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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FUNCTIONAL BLOCK DIAGRAM 



65,536 - BIT 
MEMORY ARRAY 




COLUMN DECODER 


(LSB) 


t I t t t t t t t 

A 13 A 12 A ? A 10 A g A 8 A 15 An A Q 


POWER 

DOWN 


TRUTH TABLE 


MODE 


WE 


DO 

STANDBY 

H 

X 


HIGH-Z 

READ 

L 

H 


Q 

WRITE 

L 

L 


HIGH-Z 






POWER 

STANDBY 

ACTIVE 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


“‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

h a 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V j 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

Icc 

140 

130 

120 

110 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE> Vih; Vcc= MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 

60 

50 

40 

30 

30 

30 

mA 


CE > Vcc -0.2 V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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FAST SRAM 


MICRON 

m TECHNOLOGY. INC. 


MT5C6401 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 

-12 -15 -20 -25 -30 -35 

DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS Nl 

READ Cycle 

READ cycle time *RC 12 15 20 25 30 35 ns 

Address access time *AA 12 15 20 25 30 35 ns 

Chip Enable access time *ACE 12 12 15 20 25 30 ns 

Output hold from address change kDH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ^ZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z { HZCE 7 7 10 10 15 20 ns f 

Chip Enable to power-up time tPU 0 0 0 0 0 0 ns 

Chip Disable to power-down time *PD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time ! WC 12 15 20 25 30 35 ns 

Chip Enable to end of write l CW 10 12 15 20 25 25 ns 

Address valid to end of write *AW 12 12 15 20 25 25 ns 

Address setup time { AS 0 0 0 0 0 0 ns 

Address hold from end of write *AH 0 0 0 0 0 0 ns 

Write pulse width *WP 10 12 15 20 25 25 ns 

Data setup time TDS 8 8 10 10 15 15 ns 

Data hold time l DH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z *LZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z *HZWE 6 6 8 10 12 15 ns 


'RC 

12 


15 


20 


25 


30 


35 

ns 

*AA 


12 


15 


20 


25 


30 


35 ns 

X ACE 


12 


12 


15 


20 


25 


30 ns 

x OH 

3 


3 


3 


3 


3 


3 

ns 

t LZCE 

3 


3 


5 


5 


5 


5 

ns 

tHZCE 


7 


7 


10 


10 


15 


20 ns 

'PU 

0 


0 


0 


0 


0 


0 

ns 

tpo 


12 


15 


20 


25 


30 


35 ns 


! WC 

12 

15 

20 

25 


30 


35 


ns 

l CW 

10 

12 

15 

20 


25 


25 


ns 

X A\N 

12 

12 

15 

20 


25 


25 


ns 

'AS 

0 

0 

0 

0 


0 


0 


ns 

'AH 

0 

0 

0 

0 


0 


0 


ns 

*WP 

10 

12 

15 

20 


25 


25 


ns 

X DS 

8 

8 

10 

10 


15 


15 


ns 

l DH 

0 

0 

0 

0 


0 


0 


ns 

'LZWE 

2 

2 

2 

2 


2 


2 


ns 

t HZWE 


6 

6 

8 

10 


12 


15 

ns 




MT5C6401 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 
S 480 

~=P 30 pF 

V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 

480 
5 pF 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 




NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TiZCE and TiZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
t HZCE is less than ^LZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

1 1 . tRC = Read Cycle Time. __ 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-167. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

250 

HA 


Vcc = 3v 



300 

400 

V A 


Chip Deselect to Data 
Retention Time 


*CDR 

0 




ns 

4 

Operation Recovery Time 


X H 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 



UNDEFINED 


4-13 


FAST SRAM 






FAST SRAM 


MICRON 

B , TECHNOLOGY, INC. 


MT5C6401 


READ CYCLE NO. 1 8 9 


ADDR 



READ CYCLE NO. 2 7 8 10 
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MT5C6401 



MICRON 

■ TECHNOLOGY, INC. 


MT5C2561 


SRAM 256K x 1 SRAM 


FEATURES 

• High speed: 20, 25, 30, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

45ns access 

-45 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


24L/300 DIP 24L/300 SOJ 

(A-7, B-7) (E-4) 



AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

Q 

WE 

Vss 


Vcc 

A17 

A16 

A15 

A14 

A13 

A12 

All 

A10 

A9 

D 

CE 


L 1 • 

24 1 

C 2 

23 ] 

L 3 

22 : 

: 4 

21 ] 

: 5 

20 ] 

C 6 

19 : 

: 7 

is : 

: 8 

17 : 

: 9 

i6 : 

[ 10 

15 : 

: ii 

14 : 

L 12 

13 ] 


28L/LCC 

(F-4) 


NC [ 4 
A3 E 5 
A4 [ 6 
A5 C 7 
A6 [ 8 
A7 C 9 
A8 t 10 
Q C 11 
NC l 12 


< < < > < 

i— i n p i~~i i— i 

3 2 '1i28 27 


1314151617 


26 ] NC 
25 ] A16 
24 ] A15 
23 ] A14 
22 ] A13 
21 ] A12 
20 ] All 
19 ] A10 
18 ] NC 


I LU W | LU Q G> 

|£ >IO < 


MT5C2561 
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MICRON 

■ TECHNOLOGY. INC. 


MT5C2561 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25 

-30 

-35 

-40 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX= l/tRC, 

Outputs Open 

Icc 

105 

95 

95 

90 

90 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 

30 

25 

25 

25 

25 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

7 

7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

pF 

4 

Output Capacitance 

Co 


5 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


READ Cycle 

READ cycle time *RC 

Address access time *AA 

Chip Enable access time *ACE 

Output hold from address change tOH 

Chip Enable to output in Low-Z ^ZCE 

Chip Disable to output in High-Z X HZCE 

Chip Enable to power-up time X PU 

Chip Disable to power-down time tPD 

WRITE Cycle 

WRITE cycle time l WC 

Chip Enable to end of write *CW 

Address valid to end of write VWV 

Address setup time *AS 

Address hold from end of write l AH 

Write pulse width *WP 

Data setup time l DS 

Data hold time l DH 

Write Disable to output in Low-Z l LZWE 

Write Enable to output in High-Z ^ZWE 


-20 

-25 

-30 

-35 

-45 



SYM MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

UNITS 

NOTES 


*RC 

20 


25 


30 


35 


45 

ns 

X AA 


20 


25 


30 


35 


45 ns 

*ACE 


20 


25 


30 


35 


45 ns 

•oh 

3 


5 


5 


5 


5 

ns 

•lzce 

6 


6 


6 


6 


6 

ns 

X HZCE 


9 


9 


12 


15 


18 ns 

X P\J 

0 


0 


0 


0 


0 

ns 

t PD 


20 


25 


30 


35 


45 ns 


•wc 

20 

20 

25 

30 

35 

ns 

*cw 

15 

15 

18 

20 

25 

ns 

X A\N 

15 

15 

18 

20 

25 

ns 

•AS 

0 

0 

0 

0 

0 

ns 

•ah 

0 

0 

0 

0 

0 

ns 

X \NP 

15 

15 

18 

20 

25 

ns 

X DS 

10 

10 

12 

15 

20 

ns 

l DH 

0 

0 

0 

0 

0 

ns 

•lzwe 

5 

5 

5 

5 

5 

ns 

•hzwe 


10 

10 

12 

15 

18 ns 




AC TEST CONDITIONS 


+5V 




+5V 


480 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5 V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE and TiZWE are specified with CL = 5pF as 
in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than TZCE. 



Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables 
held in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. *RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-169. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE> (Vcc -0.2V) Vcc = 2 v 

ICCDR 


95 

300 

pA 



VIN ^ t VCC -U.iiV ) 

or < 0.2 V Vcc = 3v 



350 

400 

pA 


Chip Deselect to Data 
Retention Time 


*CDR 

0 




ns 

4 

Operation Recovery Time 


l R 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 



7 /^ DON’T CARE 
UNDEFINED 
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MICRON 

S TECHNOLOGY, INC. 


MT5C2561 



MICRON 

H TECHNOLOGY, INC. 


MT5C1001 


SRAM 1 MEG x 1 SRAM 


FEATURES 

• High speed: 25, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

• Timing 
25ns access 
35ns access 
45ns access 


MARKING 

-25 

-35 

-45 


• Packages 

Plastic DIP (400 mil) None 

Ceramic DIP (400mil) C 

Plastic SOJ (400 mil) DJ 

• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) capability. This enhancement can 
place the outputs in a high impedance state for additional 
flexibility in system design. 

Writing to this device is accomplished when write enable 
(WE) and CE inputs are both LOW. Reading is accom- 
plished when WE remains HIGH while CE goes LOW. The 
device offers a reduced power standby mode when dis- 
abled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5 V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


28L/400 DIP 

(A- 10) 


A10 

All 

A12 

A13 

A14 

A15 

NC 

A16 

A17 

A18 

A19 

_Q 

WE 

Vss 



28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


28L/400 SOJ 

(E-9) 


A10 

[ 

1 

28 ] 

All 

C 

2 

27 ] 

A12 

[ 

3 

26 ] 

A13 

[ 

4 

25 ] 

A14 

c 

5 

24 ] 

A15 

c 

6 

23 ] 

NC 

c 

7 

22 ] 

A16 

t 

8 

21 ] 

A17 

[ 

9 

20 ] 

A18 

[ 

10 

19 ] 

A19 

[ 

11 

18 ] 

Q 

[ 

12 

17 ] 

WE 

c 

13 

16 ] 

Vss 

c 

14 

15 ] 


Vcc 

A9 

A8 

A7 

A6 

A5 

A4 

NC 

A3 

A2 

A1 

A0 

D_ 

CE 


MT5C1001 
REV. 1/91 
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MICRON 

m TECHNOLOGY, INC. 


MT5C1001 


FUNCTIONAL BLOCK DIAGRAM 

V cc GND 


J I 



NOTE: The two least significant row address bits (A6 and A14) are encoded using a gray code. 


TRUTH TABLE 


MODE 


We 

DQ 

POWER 

STANDBY 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

H 

Q 

ACTIVE 

WRITE 

L 

L 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0 V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V + 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

ha 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

liA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/*RC, 

Outputs Open 

Icc 


120 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

ISBI 


30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 


7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

pF 

4 


4-27 






FAST SRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C <T^< 70°C; Vcc = 5V ± 1 0%) 


nPQr'DIDTIOM 


1 ‘ 2S 

-35 j 

- 45 


UuOV/nlr 1 IUIm 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS NOTES 

READ Cycle 

READ cycle time 

*RC 

25 


35 


45 


ns 

Address access time 

l AA 


25 


35 


45 

ns 

Chip Enable access time 

‘ACE 


25 


35 


45 

ns 

Output hold from address change 

'OH 

5 


5 


5 


ns 

Chip Enable to output in Low-Z 

'LZCE 

5 


5 


5 


ns 

Chip Disable to output in High-Z 

TlZCE 


10 


15 


18 

ns 6, 7 

Chip Enable to power-up time 

tpu 

0 


0 


0 


ns 

Chip Disable to power-down time 

*PD 


25 


35 


45 

ns 

WRITE Cycle 

WRITE cycle time 

•wc 

25 


35 


45 


ns 

Chip Enable to end of write 

*cw 

15 


20 


25 


ns 

Address valid to end of write 

*AW 

15 


20 


25 


ns 

Address setup time 

*AS 

0 


0 


0 


ns 

Address hold from end of write 

{ AH 

0 


0 


0 


ns 

Write pulse width 

t W p 

15 


20 


25 


ns 

Data setup time 

T)S 

10 


15 


20 


ns 

Data hold time 

'DH 

0 


0 


0 


ns 

Write Disable to output in Low-Z 

'LZWE 

0 


0 


0 


ns 

Write Enable to output in High-Z 

'HZWE 

0 

10 

0 

15 

0 

18 

ns 6, 7 
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MT5C1001 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 
l 480 

"=!= 30 pF 

V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 
^ 480 



V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE and TiZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ^ZCE and TiZWE is less than 
tLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables and 
output enable held in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. t RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-171. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

£F> (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


95 

500 

MA 


Vcc = 3v 



350 

750 

ha 


Chip Deselect to Data 
Retention Time 


‘CDR 

0 



ns 

4 

Operation Recovery Time 


tR 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 


V. H - 
V IL — 


DATA RETENTION MODE 



m 

m 


DON’T CARE 
UNDEFINED 
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(UIICRON MT5C1604 


SRAM 4K x 4 SRAM 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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MT5C1604 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

Icc 

140 

125 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE> Vih; Vcc= MAX 
f = MAX = 1/ t RC, 
Outputs Open 

ISBI 

50 

45 

40 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 
Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

iSB2 

3 

3 

3 

3 

3 

3 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

pF 

4 

Output Capacitance 

Co 


7 

PF 

4 


4-35 





FAST SRAM 


MICRON 

» TECHNOLOGY, INC. 


MT5C1604 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 

SYM 

READ Cycle 

READ cycle time *RC 

Address access time *AA 

Chip Enable access time *ACE 

Output hold from address change x OH 
Chip Enable to output in Low-Z l LZCE 
Chip Disable to output in High-Z X HZCE 
Chip Enable to power-up time tPU 
Chip Disable to power-down time tPD 
WRITE Cycle 



-12 

-15 

-20 

-25 

-30 

-35 


SYM 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

UNITS NOTES 


*RC 

12 


15 


20 


25 


30 


35 

ns 

VVA 


12 


15 


20 


25 


30 


35 ns 

*ACE 


11 


12 


15 


20 


25 


30 ns 

l OH 

3 


3 


3 


3 


3 


3 

ns 

*LZCE 

3 


3 


5 


5 


5 


5 

ns 

tHZCE 


7 


7 


10 


10 


15 


20 ns 

X PU 

0 


0 


0 


0 


0 


0 

ns 

X PD 


12 


15 


20 


25 


30 


35 ns 


WRITE cycle time 

X \NC 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

X C\N 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

l AW 

12 


12 


15 


20 


25 


25 


ns 



Address setup time 


X AS 0 


Address hold from end of write l AH 0 
Write pulse width *WP 1 0 

Data setup time l DS 7 

Data hold time T)H 0 

Write Disable to output in Low-Z l LZWE 2 

Write Enable to output in High-Z *HZWE 


15 

20 


25 

25 

10 

10 


15 

15 

0 

0 


0 

0 

2 

2 


2 

2 

8 

10 


12 


ns 

15 ns 
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MT5C1604 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



+5V 
l 480 



V 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE and TiZWE are specified with CL = 5pF as 

in Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ^ZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. l RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-165. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

250 

HA 


Vcc = 3v 



300 

400 

\iA 


Chip Deselect to Data 
Retention Time 


! CDR 

0 




ns 

4 

Operation Recovery Time 


l R 

tRC 



ns 

4, 10 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 



UNDEFINED 
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READ CYCLE NO. 1 8 9 



READ CYCLE NO. 2 7 8 10 







MICRON 

I TECHNOLOGY, INC. 


MT5C1604 


WRITE CYCLE NO. 1 

(Write Enable Controlled) 7> 12 



WRITE CYCLE NO. 2 

(Chip Enable Controlled ) 12 
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4K x 4 SRAM 

WITH OUTPUT ENABLE 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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FUNCTIONAL BLOCK DIAGRAM 


16,384 - BIT 
MEMORY ARRAY 


MT5C1605 


(LSB) 



COLUMN DECODER 


(LSB) 


POWER 

DOWN 


TRUTH TABLE 
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MT5C1605 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0 V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

ma 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

Icc 

140 

125 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

1 SB 1 

50 

45 

40 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 
Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

3 

3 

3 

3 

3 

3 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 13) (0°C < T A < 70°C; Vcc = 5V ± 10%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

*RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

*AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

*ACE 


11 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

l OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

H_ZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

•hzce 


7 


7 


10 


10 


15 


20 

ns 

6, 7 

Chip Enable to power-up time 

tPU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

tPD 


12 


15 


20 


25 


30 


35 

ns 


Output enable access time 

*AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

l LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

I 

O 

m 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

•cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

*AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

l AS 

0 


0 


0 


0 

1 

0 


0 


ns 


Address hold from end of write 

•ah 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

•wp 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

•DS 

7 


8 


10 


10 


15 


15 


ns 


Data hold time 

•dh 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

1ZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

*HZWE 


6 


6 


8 


10 


12 


15 

ns 

6 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V +5V 



Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, *HZWE and 4 HZOE are specified with CL 
= 5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 

7. At any given temperature and voltage condition, 
*HZCE is less than TZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. 5RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-165. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

250 

jliA 


Vcc =3v 



300 

400 

HA 


Chip Deselect to Data 
Retention Time 


'CDFS 

0 




ns 

4 

Operation Recovery Time 


*R 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 



UNDEFINED 
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MICRON 
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MT5C1 606/7 


SRAM 4K x 4 SRAM 

WITH SEPARATE INPUTS AND OUTPUTS 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 

• MT5C1606 - output tracks input during WRITE 

• MT5C1607 - output high impedance during WRITE 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The x4 configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


24L/300DIP 

(A-7, B-7) 


24L/300 SOJ 

(E-4) 



A4 

: 

1 • 

24 

A5 

c 

2 

23 

A6 

c 

3 

22 

A7 

L 

4 

21 

A8 

C 

5 

20 

A9 

C 

6 

19 

A10 

L 

7 

18 

All 

L 

8 

17 

D1 

: 

9 

16 

D2 

c 

10 

15 

CE 

c 

11 

14 

Vss 

c 

12 

13 


1 Q4 
: Q3 


28L/LCC 

(F-4) 


to If) ^ O CO 
< < < > < 
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FUNCTIONAL BLOCK DIAGRAM 


ID 




TRUTH TABLE 


MODE 


WE 

DQ 

POWER 

STANDBY 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

H 

Q 

ACTIVE 

WRITE (1) 

L 

L 

HIGH-Z 

ACTIVE 

WRITE (2) 

L 

L 

D 

ACTIVE 


NOTE: 1. MT5C1 607 ONLY 
2. MT5C1606 ONLY 








MICRON 

Is TECHNOLOGY, INC. 


MT5C1 606/7 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

uA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

PA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

Icc 

140 

125 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE> Vih; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

ISBI 

50 

45 

40 

30 

30 

30 

mA 


CE> Vcc -0.2V; Vcc = MAX 
Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

3 

3 

3 

3 

3 

3 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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MT5C1 606/7 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

’RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

*AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

’ACE 


11 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

’OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

’LZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

l HZCE 


7 


7 


10 


10 


15 


20 

ns 

6,7 

Chip Enable to power-up time 

’PU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

X PD 


12 


15 


20 


25 


30 


35 

ns 


WRITE Cycle 

WRITE cycle time 

<wc 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

’cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

! aw 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

X AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

l AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

tWP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

’DS 

7 


8 


10 


10 


15 


15 


ns 


Data hold time 

l DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

’LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

l HZWE 


6 


6 


8 


10 


12 


15 

ns 


Write Enable to output valid 

l AWE 


12 


15 


20 


25 


30 


35 

ns 


Data valid to output valid 

’ADV 


12 


15 


20 


25 


30 


35 

ns 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 


Q — 
255 



V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 


480 



V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE and tHZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. t RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-165. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2 V 

Vcc = 2 v 

ICCDR 


95 

250 

HA 


Vcc = 3v 



300 

400 

uA 


Chip Deselect to Data 
Retention Time 


'CDR 

0 


_ 

ns 

4 

Operation Recovery Time 


*R 

<RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE v 



UNDEFINED 
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READ CYCLE NO. 1 8 9 



READ CYCLE NO. 2 7 8 10 



7J/\ DON’T CARE 
883 UNDEFINED 
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16K x 4 SRAM 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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MT5C6404 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

IU 

-5 

5 

HA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE<Vil; Vcc = MAX 
f = MAX = 1/tRC, 

Outputs Open 

Icc 

140 

130 

120 

110 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 

60 

50 

40 

30 

30 

30 

mA 


CE > Vcc -0.2 V; Vcc = MAX 
Vil<Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 

-12 -15 -20 -25 -30 -35 

DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS Nl 

READ Cycle 

READ cycle time *RC 12 15 20 25 30 35 ns 

Address access time *AA 12 15 20 25 30 35 ns 

Chip Enable access time { ACE 12 12 15 20 25 30 ns 

Output hold from address change l OH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z *LZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z tHZCE 7 7 10 10 15 20 ns ( 

Chip Enable to power-up time l PU 0 0 0 0 0 0 ns 

Chip Disable to power-down time *PD 12 15 20 25 30 35 ns 

WRITE Cycle 


*RC 

12 


15 


20 


25 


30 


35 

ns 

{ AA 


12 


15 


20 


25 


30 


35 ns 

'ACE 


12 


12 


15 


20 


25 


30 ns 

“OH 

3 


3 


3 


3 


3 


3 

ns 

'LZCE 

3 


3 


5 


5 


5 


5 

ns 

tHZCE 


7 


7 


10 


10 


15 


20 ns 

l PU 

0 


0 


0 


0 


0 


0 

ns 

*PD 


12 


15 


20 


25 


30 


35 ns 


WRITE cycle time 

•wc 

12 


15 


20 


25 


30 




35 


ns 


Chip Enable to end of write 

'cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

! AW 

12 


12 


15 


20 


25 


25 


ns 



Address setup time *AS 0 

Address hold from end of write V\H 0 

Write pulse width *WP 1 0 

Data setup time toS 8 

Data hold time *DH 0 

Write Disable to output in Low-Z *LZWE 2 

Write Enable to output in High-Z tHZWE 


15 

20 


25 

25 

10 

10 


15 

15 

0 

0 


0 

0 

2 

2 


2 

2 

8 

10 


12 




AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. f HZCE and *HZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 


+5V +5V 



Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. t RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-167. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 



LOW Vcc DATA RETENTION WAVEFORM 



7/}j DON’T CARE 
UNDEFINED 
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MT5C6405 


SRAM 16K x 4 SRAM 

WITH OUTPUT ENABLE 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


24L/300 DIP 24L/300 SOJ 

(A-7, B-7) (E-4) 



A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

CE 

OE 

Vss 


Vcc 

A4 

A3 

A2 

A1 

AO 

NC 

DQ4 

DQ3 

DQ2 

DQ1 

WE 


C 1 • 

24 : 

C 2 

23 : 

C 3 

22 ] 

C 4 

21 ] 

C 5 

20 ] 

C 6 

19 : 

L 7 

is : 

C 8 

17 ] 

[ 9 

16 1 

[ 10 

15 1 

: ii 

i4 : 

: 12 

13 : 


28L/LCC 

(F-4) 


IT) O O o 

< 2 Z > 


A6 [ 4 
A7 [ 5 
A8 [ 6 
A9 [ 7 
A10 [ 8 
All [ 9 
A12 C 10 
A13 [ 11 
CE [ 12 


3 2 1 1 28 27 


13141516 17 


26 ] NC 
25 ] A4 
24 ] A3 
23 ] A2 
22 ] A1 
21 ] AO 
20 ] DQ4 
19 ] DQ3 
18 ] DQ2 
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m 
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X 

H 

X 
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L 
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H 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

nA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ tRC, 

Outputs Open 

Icc 

140 

130 

120 

110 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ l RC, 

Outputs Open 

ISBI 

60 

50 

40 

30 

30 

30 

mA 


CE > Vcc -0.2 V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

>RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

l AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

•ace 


12 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

*OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

•lzce 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

*HZCE 


7 


7 


10 


10 


15 


20 

ns 

6,7 

Chip Enable to power-up time 

l PU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

X PD 


12 


15 


20 


25 


30 


35 

ns 


Output Enable access time 

WOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

'LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

TlZOE 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

•cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

l AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

*as 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

t w p 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

'DS 

8 


8 


10 


10 


15 


15 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

'LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

'HZWE 


6 


6 


8 


10 


12 


15 

ns 

6 
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AC TEST CONDITIONS 

Input pulse levels Vss to 3.0V 

Input rise and fall times 5ns 

Input timing reference levels 1 .5V 

Output reference levels 1 .5V 

Output load See Figures 1 and 2 


+5V +5V 



Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, *HZWE and ^ZOE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
TlZCE is less than ^ZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

1 1 . *RC = Read Cycle T ime. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-167. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE> (Vcc -0.2V) Vcc = 2v 
\/, M a n o\/\ 

ICCDR 


95 

250 

fa 



or < 0.2 V Vcc = 3v 



300 

400 

ma 


Chip Deselect to Data 
Retention Time 


'CDR 

0 




ns 

4 

Operation Recovery Time 


tR 

<RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 



TJX D0NT CARE 

UNDEFINED 
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16K x 4 SRAM 

WITH SEPARATE INPUTS AND OUTPUTS 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE1, CE2 and OE 
options 

• All inputs and outputs are TTL compatible 

• MT5C6406 - output tracks input during WRITE 

• MT5C6407 - output high impedance during WRITE 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 

GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The x4 configuration 
features separate data input and output. 

Writi ng to these devices is accomplished when write 
enable (WE) and CE in puts are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

RA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

ma 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

Icc 

140 

130 

120 

110 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 

60 

50 

40 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 
Vil<Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

*RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

*AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

*ACE 


12 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

x OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

l LZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

'HZCE 


7 


7 


10 


10 


15 


20 

ns 

6, 7 

Chip Enable to power-up time 

tpu 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

tpo 


12 


15 


20 


25 


30 


35 

ns 


Output Enable access time 

x AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

'LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

TlZOE 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

l WC 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

•cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

T AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

l AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

*AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

<WP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

*DS 

8 


8 


10 


10 


15 


15 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

'LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

*hzwe 


6 


6 


8 


10 


12 


15 

ns 

6 

Write Enable to output valid 

'AWE 


12 


15 


20 


25 


30 


35 

ns 


Data valid to output valid 

'ADV 


12 


15 


20 


25 


30 


35 

ns 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



+5V 


480 


255 


O 


— p 5 pF 


V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, tHZWE and TiZOE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
TiZCE is less than ^ZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-167. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

250 

HA 


Vcc = 3v 



300 

400 

HA 


Chip Deselect to Data 
Retention Time 


‘CDR 

0 


_ 

ns 

4 

Operation Recovery Time 


X R 

'RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 



m 

m 


DON’T CARE 
UNDEFINED 
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TECHNOLOGY. 


MT5C2564 


SRAM 64K x 4 SRAM 


FEATURES 

• High speed: 20, 25, 30, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE option 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

45ns access 

-45 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 


• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) on all organizations. This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


24L/300 DIP 

(A-7, B-7) 


24L/300 SOJ 

(E-4) 



AO [ 1 » 
A1 [ 2 
A2 [ 3 
A3 [ 4 
A4 [ 5 
A5 C 6 
A6 C 7 
A7 [ 8 
A8 [ 9 
A9 [ 10 
CE [ 11 
Vss [ 12 


24 ] Vcc 
23 ] A15 
22 ] A14 
21 ] A13 
20 ] A12 
19 ] All 
18 1 A10 
17 ] DQ4 
16 ] DQ3 
15 ] DQ2 
14 ] DQ1 
13 ] WE 


28L/LCC 

(E-4) 


- o o £ 
< < Z > 


A2 C 4 
A3 C 5 
A4 C 6 
A5 [ 7 
A6 C 8 
A7 C 9 
A8 t 10 
A9 C 11 
CE E 12 


3 2 '1i 28 27 


1314151617 


26 1 A15 
25 ] A14 
24 ] A13 
23 ] A12 
22 ] A1 1 
21 ] A10 
20 ] DQ4 
19 ] DQ3 
18 ] DQ2 


O CO O I LLI T- 

Z -Q ZR O 
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FUNCTIONAL BLOCK DIAGRAM 


262,144 -BIT 
MEMORY ARRAY 


(LSB) 



COLUMN DECODER 


(LSB) 


POWER 

DOWN 


TRUTH TABLE 

MODE 


WE 

DQ 

POWER 

STANDBY 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

H 

Q 

ACTIVE 

WRITE 

L 

L 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’‘'Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

HA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25 

-30 

-35 

-40 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ *RC, 

Outputs Open 

Icc 

105 

95 

95 

90 

90 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ tRC, 

Outputs Open 

ISBI 

30 

25 

25 

25 

25 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

7 

7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


5 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


READ Cycle 

READ cycle time *RC 

Address access time l AA 

Chip Enable access time *ACE 

Output hold from address change kDH 

Chip Enable to output in Low-Z *LZCE 

Chip Disable to output in High-Z X HZCE 
Chip Enable to power-up time tpu 

Chip Disable to power-down time *PD 

WRITE Cycle 


-20 

-25 

-30 

-35 

-45 



SYM MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

UNITS 

NOTES 


•rc 

20 


25 


30 


35 


45 

ns 

l AA 


20 


25 


30 


35 


45 ns 

X ACE 


20 


25 


30 


35 


45 ns 

x OH 

3 


5 


5 


5 


5 

ns 

<LZCE 

6 


6 


6 


6 


6 

ns 

tHZCE 


9 


9 


12 


15 


18 ns 

X PU 

0 


0 


0 


0 


0 

ns 

X PD 


20 


25 


30 


35 


45 ns 


WRITE cycle time 

*WC 

20 


20 


25 


30 


35 


ns 



Chip Enable to end of write 

X C\N 

15 


15 


18 


20 


25 


ns 



Address valid to end of write 

X A\N 

15 


15 


18 


20 


25 


ns 




Address setup time *AS 

Address hold from end of write *AH 

Write pulse width *WP 

Data setup time TDS 

Data hold time *DH 

Write Disable to output in Low-Z *LZWE 

Write Enable to output in High-Z tHZWE 


X AH 0 

*WP 15 

X DS 10 

l DH 0 


15 

15 


18 


20 

25 

10 

10 


12 


15 

20 

0 

0 


0 


0 

0 

5 

5 


5 


5 

5 

10 


10 


12 


15 





MICRON 
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MT5C2564 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



+5V 


| 480 



V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE and TlZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than 'LZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. X RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-169. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2 V 

Vcc = 2v 

ICCDR 


95 

300 

4 A 


Vcc = 3v 



350 

400 

pA 


Chip Deselect to Data 
Retention Time 


*CDR 

0 


_ 

ns 

4 

Operation Recovery Time 


X R 

*RC 



ns 

4, 10 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


“ vn 


tCDR 


DATA RETENTION MODE 


\ 4.5V 


4.5V F 


-A 


X R 


mm 
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READ CYCLE NO. 1 8 9 



READ CYCLE NO. 2 7 8 10 



DON’T CARE 

8881 UNDEFINED 
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pilCRON MT5C2565 
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SRAM 64K x 4 SRAM 

WITH OUTPUT ENABLE 


FEATURES 

• High speed: 20, 25, 30, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

45ns access 

-45 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) and output enable (OE) on this or- 
ganization. These enhancements can place the outputs in a 
high impedance state for additional flexibility in system 
design. 

Writing to these devices is accomplished when write 
enable (WE) and CE in puts are both LOW. Reading is ac- 
complished when WE remains HIGH and CE and OE go 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

ha 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25 

-30 

-35 

-40 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ *RC, 

Outputs Open 

Icc 

105 

95 

95 

90 

90 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ l RC, 

Outputs Open 

ISBI 

30 

25 

25 

25 

25 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2 V; 

Vih > Vcc -0.2 V; f = 0 

ISB2 

5 

5 

5 

7 

7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


5 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 

SYM 

READ Cycle 

READ cycle time *RC 

Address access time *AA 

Chip Enable access time *ACE 

Output hold from address change { OH 

Chip Enable to output in Low-Z l LZCE 

Chip Disable to output in High-Z ^ZCE 
Chip Enable to power-up time ¥11 

Chip Disable to power-down time ¥D 

Output Enable access time VVOE 

Output Enable to output in Low-Z ^ZOE 
Output Disable to out put in High-Z l HZOE 
WRITE Cycle 


-20 

-25 

-30 

-35 

-45 



SYM MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

UNITS 

NOTES 


l RC 

20 


25 


30 


35 


45 

ns 

*AA 


20 


25 


30 


35 


45 ns 

'ACE 


20 


25 


30 


35 


45 ns 

tOH 

3 


5 


5 


5 


5 

ns 

'LZCE 

6 


6 


6 


6 


6 

ns 

'HZCE 


9 


9 


12 


15 


18 ns 

¥U 

0 


0 


0 


0 


0 

ns 

¥d 


20 


25 


30 


35 


45 ns 

^OE 


8 


8 


10 


12 


15 ns 

¥ZOE 

0 


0 


0 


0 


0 

ns 

l HZOE 


7 


7 


10 


12 


15 ns 


WRITE cycle time 

‘ wc 

20 


20 


25 


30 


35 


ns 



Chip Enable to end of write 

tew 

15 


15 


18 


20 


25 


ns 



Address valid to end of write 

l A\N 

15 


15 


18 


20 


2b 

1 

ns | 


1 


Address setup time *AS 0 

Address hold from end of write *AH 0 

Write pulse width l \NP 15 

Data setup time X DS 10 

Data hold time l DH 0 

Write Disable to output in Low-Z l LZWE 5 

Write Enable to output in High-Z *HZWE 


15 

15 


18 

20 

25 

10 

10 


12 

15 

20 

0 

0 


0 

0 

0 

5 

5 


5 

5 

5 

10 

10 


12 

15 
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MT5C2565 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


480 


=±=30 pF 


V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


Q — 
255 


480 


T 5 pF 


V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. t HZCE / t HZOE and t HZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ‘LZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. *RC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-169. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

300 

pA 


Vcc = 3v 



350 

400 

pA 


Chip Deselect to Data 
Retention Time 


X CDR 

0 


_ 

ns 

4 

Operation Recovery Time 


*R 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 



UNDEFINED 


4-93 


I FAST SRAM 






I FAST SRAM 


MICRON 

m TECHNOLOGY, INC. 


MT5C2565 


READ CYCLE NO. 1 8 9 



READ CYCLE NO. 2 7 8 10 
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SRAM 256K x 4 SRAM 

WITH OUTPUT ENABLE 


FEATURES 

• High speed: 25, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE 
options 

• All inputs and outputs are TTL compatible 

• Fast Output Enable access time: 8ns 

OPTIONS 

• Timing 
25ns access 
35ns access 
45ns access 


• Packages 

Plastic DIP (400 mil) None 

Ceramic DIP (400mil) C 

Plastic SOJ (400 mil) DJ 

• Two Volt Data Retention L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Mi- 
cron offers chip enable (CE) capability. This enhancement 
can place the outputs in a high impedance state for addi- 
tional flexibility in system design. 

Writing to this device is accomplished when write enable 
(WE) and CE inputs are both LOW. Reading is accom- 
plished when WE remains HIGH while output enable (OE) 
and CE go LOW. The device offers a reduced power standby 
mode when disabled. This allows system designs to achieve 
low standby power requirements. 

All devices operate from a single f 5V power supply and 
all inputs and outputs are fully TTL compatible. 


MARKING 

-25 

-35 

-45 
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FAST SRAM 


FUNCTIONAL BLOCK DIAGRAM 


V cc GND 


i \ 



NOTE: The two least significant row address bits (A1 1 and A3) are encoded using a gray code. 


TRUTH TABLE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

P a 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

Icc 


120 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 


30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 


7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V + 1 0%) 


DESCRIPTION 


-25 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

'RC 

25 


35 


45 


ns 


Address access time 

'AA 


25 


35 


45 

ns 


Chip Enable access time 

'ACE 


25 


35 


45 

ns 


Output hold from address change 

l OH 

5 


5 


5 


ns 


Chip Enable to output in Low^Z 

'LZCE 

5 


5 


5 


ns 


Chip Disable to output in High-Z 

'HZCE 


10 


15 


18 

ns 

6,7 

Chip Enable to power-up time 

'PU 

0 


0 


0 


ns 


Chip Disable to power-down time 

'PD 


25 


35 


45 

ns 


Output Enable access time 

l AOE 


8 


12 


15 

ns 


Output Enable to output in Low-Z 

t LZOE 

0 


0 


0 


ns 


Output Disable to output in High-Z 

l HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

25 


35 


45 


ns 


Chip Enable to end of write 

'cw 

15 


20 


25 


ns 


Address valid to end of write 

'A\N 

15 


20 


25 


ns 


Address setup time 

l AS 

0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


ns 


Write pulse width 

' WP 

15 


20 


25 


ns 


Data setup time 

'DS 

10 


15 


20 


ns 


Data hold time 

'DH 

0 


0 


0 


ns 


Write Disable to output in Low-Z 

1ZWE 

0 


0 


0 


ns 


Write Enable to output in High-Z 

'HZWE 

0 

10 

0 

15 

0 

18 

ns 

6,7 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



Q — 
255 


+5V 
S 480 

r 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE, tHZOE and TiZWE are specified with 

CL = 5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ^ZCE and TiZWE is less than 
tLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables and 
output enable held in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

1 1 . tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-171. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

500 

HA 


Vcc = 3v 



350 

750 

ma 


Chip Deselect to Data 
Retention Time 


*CDR 

0 



ns 

4 

Operation Recovery Time 


l R 

‘RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


CE 


DATA RETENTION MODE 



Wh DON’T CARE 
UNDEFINED 
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MICRON MT5C1005 

B TECHNOLOGY, INC. 


READ CYCLE NO. 1 8 9 



READ CYCLE NO. 2 7 8 10 
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MT5C1005 


WRITE CYCLE NO. 1 

(Write Enable Controlled ) 12 



WRITE CYCLE NO. 2 

(Chip Enable Controlled ) 12 
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SRAM 2K x 8 SRAM 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC (28 pin) 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Mi- 
cron offers chip enable (CE) on all organizations. This en- 
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


24L/300DIP 

(A-7, B-7) 


24L/300 SOJ 

(E-4) 



24 3 Vcc 
23 3 A8 
22 3 A9 
21 3 WE 
20 3 OE 
19 3 A10 
18 3 CE 
17 3 DQ8 
16 3 DQ7 
15 3 DQ6 
14 3 DQ5 
13 3 DQ4 


28L/LCC 

(E-4) 


N (D tO O CO 
< < < > < 

/ C Z1 a.„ R - i 
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FAST SRAM 


MT5C1608 


FUNCTIONAL BLOCK DIAGRAM 



16,384- BIT 
MEMORY ARRAY 


(LSB) 



COLUMN DECODER 


(LSB) 


TRUTH TABLE 

MODE 

OE 

m 

WE 

DO 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

ma 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

Icc 

140 

125 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE> Vih; Vcc= MAX 
f = MAX = 1/ t RC, 
Outputs Open 

ISBI 

50 

45 

40 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 
Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

3 

3 

3 

3 

3 

3 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C <T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

<RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

*AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

'ACE 


11 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

'OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

t LZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

*HZCE 


7 


7 


10 


10 


15 


20 

ns 

6, 7 

Chip Enable to power-up time 

'PU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

>PD 


12 


15 


20 


25 


30 


35 

ns 


Output Enable access time 

'AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

t LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

HI 

O 

N 

X 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

twc 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

<cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

! AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

T AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

<WP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

'DS 

7 


8 


10 


10 


15 


15 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

'LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

•hzwe 


6 


6 


8 


10 


12 


15 

ns 

6 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 


480 


=r= 30 pF 


V 


+5V 


480 


255 


Q 


~T" ® 


V 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, fc HZWE and *HZOE are specified with CL 
= 5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than TZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables 
held in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-165. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

250 

MA 


Vcc = 3v 



300 

400 

tiA 


Chip Deselect to Data 
Retention Time 


*CDR 

0 


_ 

ns 

4 

Operation Recovery Time 


»R 

‘RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


Vcc 


CE 



UNDEFINED 
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8K x 8 SRAM 


FEATURES 

• High speed: 12, 15, 20, 25, 30 and 35ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE1, CE2 and OE 
options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

12ns access 

-12 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Ceramic DIP (300 mil) 

C 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC (28 pin) 

EC 

Ceramic LCC (32 pin) 

ECW 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers two chip enables on the x8 organizations. This en- 
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


28L/300 DIP 

(A-9, B-9) 


NC \ 

C7 

1 28 

3 Vcc 

A12 i 

2 

27 

] WE 

A7 [ 

3 

26 

] CE2 

A6 t 

4 

25 

] A8 

A5 t 

5 

24 

] A9 

A4 [ 

6 

23 

3 All 

A3 [ 

7 

22 

3 0E 

A2 [ 

8 

21 

3 A10 

A1 t 

9 

20 

3 CE1 

AO I 

10 19 

3 DQ8 

DQ1 I 

11 18 

3 DQ7 

DQ2 I 

12 17 

3 DQ6 

DQ3 I 

13 16 

3 DQ5 

Vss [ 

14 15 

3 DQ4 


28L/300 SOJ 

(E-8) 


NC [ 

1 

28 

] Vcc 

A12 [ 

2 

27 

] WE 

A7 [ 

3 

26 

] CE2 

A6 [ 

4 

25 

] A8 

A5 C 

5 

24 

] A9 

A4 C 

6 

23 

] All 

A3 [ 

7 

22 

] OE 

A2 C 

8 

21 

] A10 

A1 d 

9 

20 

] CE1 

A0 d 

10 

19 

] DQ8 

DQ1 [ 

11 

18 

] DQ7 

DQ2 [ 

12 

17 

] DQ6 

DQ3 D 

13 

16 

] DQ5 

Vss C 

14 

15 

] DQ4 


28L/LCC 32L/LCC 

(F-4) (F-6) 


A6 

A5 

A4 

A3 

A2 

A1 

AO 

DQ1 

DQ2 



/7 

2 'll 28 27 

[ 4 

U 26 ] 

[ 5 

25 1 

[ 6 

24 ] 

[ 7 

23 3 

[ 8 

22 3 

[ 9 

21 3 

C 10 

20 3 

[ 11 

19 3 

C 12 

18 3 

| 1314151617 | 


T 3 □ 




A8 

A9 

All 

NC 

OE 

A10 

CE1 

DQ8 

DQ7 
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TRUTH TABLE 


MODE 

£E1 

CE2 

WE 

m 

DQ OPERATION 

POWER 

STANDBY 

H 

X 

X 

X 

HIGH-Z 

STANDBY 

STANDBY 

X 

L 

X 

X 

HIGH-Z 

STANDBY 

READ 

L 

H 

H 

L 

Q 

ACTIVE 

READ 

L 

H 

H 

H 

HIGH-Z 

ACTIVE 

WRITE 

L 

H 

L 

X 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

jjA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE< Vil; Vcc = MAX 
f = MAX = 1/tRC, 

Outputs Open 

Icc 

140 

130 

120 

110 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih ; Vcc = MAX 
f = MAX= 1/ l RC, 

Outputs Open 

ISBI 

60 

50 

40 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

t RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

X AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

VVCE 


12 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

<OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

<LZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

*HZCE 


7 


7 


10 


10 


15 


20 

ns 

6,7 

Chip Enable to power-up time 

l PU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

X PD 


12 


15 


20 


25 


30 


35 

ns 


Output Enable access time 

x AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

'LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

LU 

O 

N 

X 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

! wc 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

l cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

*AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

’AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

X AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

X \NP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

’DS 

8 


8 


10 


10 


15 


15 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

1ZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

*HZWE 


6 


6 


8 


10 


12 


15 

ns 

6 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 


H 


480 
30 pF 


Q — 
255 


I 


+5V 
S 480 

f F 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE, *HZWE and f HZOE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

1 1 . tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-167. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


95 

250 

HA 


Vcc = 3v 



300 

400 

a a 


Chip Deselect to Data 
Retention Time 


'CDR 

0 




ns 

4 

Operation Recovery Time 


l R 

‘RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 


DATA RETENTION MODE 
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SRAM 32K x 8 SRAM 


FEATURES 

• High speed: 20, 25, 30, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE options 

• All inputs and outputs are TTL compatible 


OPTIONS 

MARKING 

• Timing 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

45ns access 

-45 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (300 mil) 

C 

Ceramic DIP (600 mil) 

CW 

Plastic SOJ (300 mil) 

DJ 

Ceramic LCC (28 pin) 

EC 

Ceramic LCC (32 pin) 

ECW 


• Two Volt Data Retention L 


• Temperature 

Industrial (-40°C to +85°C) IT 

GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. Micron 
offers chip enable (CE) and output enable (OE) on this or- 
ganization. These enhancements can place the outputs in a 
high impedance state for additional flexibility in system 
design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac- 
complished when WE remains HIGH and CE and OE go 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 

28L/300/600 DIP 28L/300 SOJ 

(A-9, A-11, B-9, B-11) (E-8) 



1 

A14 I 

1 

28 

A12 [ 

2 

27 

A7 t 

3 

26 

A6 t 

4 

25 

A5 r 

5 

24 

A4 t 

6 

23 

A3 t 

7 

22 

A2 t 

8 

21 

A1 t 

9 

20 

AO [ 

10 

19 

DQ1 £ 

11 

18 

DQ2 £ 

12 

17 

DQ3 £ 

13 

16 

Vss £ 

14 

15 


OE 


DQ8 

DQ7 

DQ6 

DQ5 

DQ4 


28L ZIP 

(C-5) 


OE 1 
A9 3 
A13 5 
Vcc 7 
A12 9 

A6 11 
A4 13 
A2 15 
AO 17 
DQ2 19 
Vss 21 
DQ5 23 
DQ7 25 
CE 27 


2 All 
4 A8 
6 WE 
8 A14 

10 A7 
12 A5 
14 A3 
16 A1 
18 DQ1 
20 DQ3 
22 DQ4 
24 DQ6 
26 DQ8 
28 A10 


A14 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

A0 

DQ1 

DQ2 

DQ3 

Vss 


28L/LCC 

(F-4) 


[ 

1 

28 

] 

Vcc 

[ 

2 

27 

] 

WE 

[ 

3 

26 

] 

A13 

[ 

4 

25 

] 

A8 

[ 

5 

24 

] 

A9 

[ 

6 

23 

] 

All 

[ 

7 

22 

] 

OE 

[ 

8 

21 

] 

A10 

[ 

9 

20 

] 

CE 

[ 

10 

19 

] 

DQ8 

[ 

11 

18 

] 

DQ7 

[ 

12 

17 

] 

DQ6 

[ 

13 

16 

] 

DQ5 

C 

14 

15 

] 

DQ4 


A6 

A5 

A4 

A3 

A2 

A1 

A0 

DQ1 

DQ2 


A13 

A8 

A9 

All 

OE 

A10 

CE 

DQ8 

DQ7 


CM 

< < 

□ A1 4 
] Vcc 

3 WE 

/ 3* 2 

ill 28 27 

[ 4 

U 26 ] 

[ 5 

25 1 

[ 6 

24 ] 

[ 7 

23 ] 

[ 8 

22 ] 

[ 9 

21 ] 

C 10 

20 ] 

[ 11 

19 ] 

[ 12 

18 ] 


1314151617 


32L/LCC 

(F-6) 


4 3 2 Hi32 31 30 
A6 d 5 |J 29 h A8 


A5 [ 6 
A4 [ 7 
A3 [ 8 
A2 [ 9 
A1 [ 10 
AO [ 11 
NC [ 12 
DQ1 [ 13 


28 ] A9 
27 ] All 
26 ] NC 
25 ] OE 
24 ] A10 
23 ] CE 
22 ] DQ8 
21 ] DQ7 


14151617181920 
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FUNCTIONAL BLOCK DIAGRAM 


(LSB) 


262,144- BIT 
MEMORY ARRAY 



COLUMN DECODER 

i t t t r 

Ag Ag A 4 a 14 A 13 


(LSB) 


t 


POWER 

nou/M 

| lmj vvim 


TRUTH TABLE 


MODE 

OE 

UE 

WE 


DO 

POWER 

STANDBY 

X 

H 

X 


HIGH-Z 

STANDBY 

READ 

L 

L 

H 


Q 

ACTIVE 

READ 

H 

L 

H 


HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 


D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25 

-30 

-35 

-40 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX= l/tRC, 

Outputs Open 

Icc 

105 

95 

95 

90 

90 

mA 

3 

Power Supply 

Current: Standby 

CE>Vih; Vcc = MAX 
f = MAX= 1/ t RC, 

Outputs Open 

ISBI 

30 

25 

25 

25 

25 

mA 


UE > Vcc -0.2 V; Vcc = MAX 

Vil < Vss +0.2V; 
Vih>Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

7 

7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

pF 

4 

Output Capacitance 

Co 


5 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 3) (0°C <T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-20 

-25 

-30 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

<RC 

20 


25 


30 


35 


45 


ns 


Address access time 

*AA 


20 


25 


30 


35 


45 

ns 


Chip Enable access time 

•ace 


20 


25 


30 


35 


45 

ns 


Output hold from address change 

•oh 

3 


5 


5 


5 


5 


ns 


Chip Enable to output in Low-Z 

•lzce 

6 


6 


6 


6 


6 


ns 


Chip Disable to output in High-Z 

*HZCE 


9 


9 


12 


15 


18 

ns 

6,7 

Chip Enable to power-up time 

l PU 

0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

X PD 


20 


25 


30 


35 


45 

ns 


Output Enable access time 

x AOE 


8 


8 


10 


12 


15 

ns 


Output Enable to output in Low-Z 

x LZOE 

0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

tHZOE 


7 


7 


10 


12 


15 

ns 


WRITE Cycle 

WRITE cycle time 

•wc 

20 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

•cw 

15 


15 


18 


20 


25 


ns 


Address valid to end of write 

*AW 

15 


15 


18 


20 


25 


ns 


Address setup time 

l AS 

0 


0 


0 


0 


0 


ns 


Address hold from end of write 

*AH 

0 


0 


0 


0 


0 


ns 


Write pulse width 

•wp 

15 


15 


18 


20 


25 


ns 


Data setup time 

X DS 

10 


10 


12 


15 


20 


ns 


Data hold time 

l DH 

0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

•LZWE 

5 


5 


5 


5 


5 


ns 


Write Enable to output in High-Z 

*HZWE 


10 


10 


12 


15 


18 

ns 

6 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



480 


255 


-T- 5 pF 


V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE, tHZOE and TiZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
TlZCE is less than ^ZCE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. tRC = Read Cycle Time. 

12. Chip enable (CE) and write enable (WE) can initiate 
and terminate a WRITE cycle. 

13. For automotive, industrial and extended temperature 
specifications refer to page 4-169. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


95 

300 

F A 


Vcc = 3v 



350 

400 

I^A 


Chip Deselect to Data 
Retention Time 


*CDR 

0 




ns 

4 

Operation Recovery Time 


*R 

*RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 




DON’T CARE 
UNDEFINED 
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SRAM 128Kx 8 SRAM 

WITH OUTPUT ENABLE 


FEATURES 

• High speed: 25, 35, and 45ns 

• High-performance, low-power, CMOS double metal 
process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE1, CE2 and OE 
options 

• All inputs and outputs are TTL compatible 

• Fast Output Enable access time: 8ns 


OPTIONS 

MARKING 

• Timing 

25ns access 

-25 

35ns access 

-35 

45ns access 

-45 

• Packages 

Plastic DIP (400 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (400 mil) 

C 

Ceramic DIP (600 mil) 

CW 

Plastic SOJ (400 mil) 

DJ 

Ceramic LCC (32 pin) 

EC 

• Two Volt Data Retention 

L 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications. 
Micron offers dual chip enables (CE1, CE2). This enhance- 
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE1 inputs are both LOW and CE2 is 
HIGH. Reading is accomplished when WE and CE2 remain 
HIGH and CE1 goes LOW. The device offers a reduced 
power standby mode when disabled. This allows system 
designs to achieve low standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 


PIN ASSIGNMENT (Top View) 


32L/400/600 DIP 

(A-12, A-13, 
B-12, B-13) 


NC [ 


32 

A16 [ 

2 

31 

A14 [ 

3 

30 

A12 [ 

4 

29 

A7 [ 

5 

28 

A6 [ 

6 

27 

A5 [ 

7 

26 

A4 [ 

8 

25 

A3 [ 

9 

24 

A2 [ 

10 

23 

A1 [ 

11 

22 

A0 [ 

12 

21 

DQ1 [ 

13 

20 

DQ2 [ 

14 

19 

DQ3 [ 

15 

18 

Vss [ 

16 

17 


Vcc 

A15 


All 


DQ6 

DQ5 


32L/400 SOJ 

(E-11) 


NC [_1_ 
A16 [ 2 
A14 [ 3 
A12 [ 4 
A7 [ 5 
A6 [ 6 
A5 [ 7 
A4 [ 8 
A3 [ 9 
A2 [ 10 
A1 [ 11 
AO [ 12 
DQ1 C 13 
DQ2 [ 14 
DQ3 [ 15 
Vss [ 16 


] Vcc 
'] A15 
] CE2 / NC* 
] WE 
] A13 
] A8 
] A9 
] All 
] OE 
] A10 
] CE1 
] DQ8 
3 DQ7 
3 DQ6 
] DQ5 
3 DQ4 


32L/LCC 

(F-8) 


NC 

r :: 

3 1 

32 d 

Vcc 

A16 

r.j 

2 

31 d 

A15 

A14 

r.j 

3 

30 d 

CE2/NC* 

A12 

t:: 

4 

29 d 

WE 

A7 

\~.J 

5 

28 ZZl 

A13 

A6 

hi 

6 

27 d 

A8 

A5 

>13 

7 

26 ZZl 

A9 

A4 

r.z 

8 

25 ZZl 

All 

A3 

si] 

9 

24 ZZl 

0E 

A2 

izz 

10 

23 ZZl 

A10 

A1 

\zz 

11 

22 ZZl 

CE1 

AO 

\zz 

12 

21 d 

DQ8 

DQ1 

r] 

13 

20 d 

DQ7 

DQ2 

iZZ 

14 

19 d 

DQ6 

DQ3 

iZZ 

15 

18 ZZl 

DQ5 

Vss 

EL 

16 

173 

DQ4 


‘Contact factory for no-connect (NC) option on pin 30 
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FUNCTIONAL BLOCK DIAGRAM 




NOTE: The two least significant row address bits (A8 and A6) are encoded using a gray code. 


TRUTH TABLE 


MODE 

J5E 

UEl 

CE2 

WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

X 

HIGH-Z 

STANDBY 

STANDBY 

X 

X 

L 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

H 

L 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’•'Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

jiA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

jiA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/tRC, 

Outputs Open 

Icc 


120 

mA 

3 

Power Supply 

Current: Standby 

CE> Vih; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

ISBI 


30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 


7 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C; f = 1 MHz 

Vcc = 5V 

Ci 


8 

pF 

4 

Output Capacitance 

Co 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5, 1 4) (0°C <T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 


-25 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

X RC 

25 


35 


45 


ns 


Address access time 



25 


35 


45 

ns 


Chip Enable access time 

’ACE 


25 


35 


45 

ns 


Output hold from address change 

*OH 

5 


5 


5 


ns 


Chip Enable to output in Low-Z 

’LZCE 

5 


5 


5 


ns 


Chip Disable to output in High-Z 

l HZCE 


10 


15 


18 

ns 

6, 7 

Chip Enable to power-up time 

l PU 

0 


0 


0 


ns 


Chip Disable to power-down time 

tPD 


25 


35 


45 

ns 


Output Enable access time 

*AOE 


8 


12 


15 

ns 


Output Enable to output in Low-Z 

1ZOE 

0 


0 


0 


ns 


Output Disable to output in High-Z 

t HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

*wc 

25 


35 


45 


ns 


Chip Enable to end of write 

•cw 

15 


20 


25 


ns 


Address valid to end of write 

*AW 

15 


20 


25 


ns 


Address setup time 

l AS 

0 


0 


0 


ns 


Address hold from end of write 

*AH 

0 


0 


0 


ns 


Write pulse width 

'WP 

15 


20 


25 


ns 


Data setup time 


10 


15 


20 


ns 


Data hold time 

l DH 

0 


0 


0 


ns 


Write Disable to output in Low-Z 

1ZWE 

0 


0 


0 


ns 


Write Enable to output in High-Z 

*HZWE 

0 

10 

0 

15 

0 

18 

ns 

6 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1 .5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 

480 
30 pF 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 



Q — 
255 


+5V 
S 480 

r 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, hTZOE and TiZWE are specified with 

CL = 5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ^ZCE, and TlZWE is less than 
tLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables and 
output enable held in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. X RC = Read Cycle Time. 

12. CE2 timing is the same as CE1 timing. The wave form 
is inverted. 

13. Chip enable (CE1, CE2) and write enable (WE) can 
initiate and terminate a WRITE cycle. 

14. For automotive, industrial and extended temperature 
specifications refer to page 4-171. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CEi > (Vcc -0.2V) 
or CE2 < (Vss +0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


95 

500 

MA 


Vcc = 3v 



350 

750 

HA 


Chip Deselect to Data 
Retention Time 


tCDR 

0 


_ 

ns 

4 

Operation Recovery Time 


X R 

<RC 



ns 

4, 11 


LOW Vcc DATA RETENTION WAVEFORM 
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MICRON MT5C2516 

■ TECHNOLOGY, INC. 


SRAM 16 K x 16 SRAM 

WITH ADDRESS / DATA INPUT LATCHES 


FEATURES 

• Fast access times: 15, 17, 20 and 25ns 

• Fast output enable: 6, 8 and 10ns 

• Single +5V (±10%) power supply 

• Separate, electrically isolated output buffer power 
supply and ground (VccQ, VssQ) 

• Optional +3.3V (±10%) output buffer operation 

• Separate Data Input Latch 

• Common Data Inputs arid Data Outputs 

• BYTE WRITE capability via Dual Write Strobes 

• Address and Chip Enable input latches 


OPTIONS 

MARKING 

• Timing 

15ns access 

-15 

17ns access 

-17 

20ns access 

-20 

25ns access 

-25 

• Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 

• Density 

16K x 16 

MT5C2516 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four- transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

The MT5C2516 SRAM integrates a 16K x 16 SRAM core 
with advanced peripheral circuitry consisting of address 
and data input latches, latched active FIIGH and active 
LOW chip enables, separate upper and lower byte write 
strobes and a fast output enable. The device is ideally suited 
for "pipelined" systems and systems that benefit from a 
wide data bus. 

Address and chip enable latches are provided. When 
address latch enable (ALE) is HIGFI, the address and chip 
enable latches are transparent, allowing the input to flow 
through the latch. If ALE is LOW, the address and chip 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-5) 


S -ijlls 8 

< < IoIcqIcd > ; 
n n n n n n 
7 6 5 4 3 2 


VssQ C 
VccQ C 
DQ15 C 
DQ16 C 
NC L 


HI, CM CO 
I I LU i — *r— LLJ 

<b < < o 
n n n n n 


rh 0 

u 52 51 50 49 48 47 


DQ9 C 8 
DQ10 H 9 
VccQ C 10 
VssQ C 11 
DQ11 L 12 
DQ12 C 13 
DQ13 C 14 
DQ14 C 15 


21 22 23 24 25 26 
' OUTJ LTU U 


27 28 

O EX 


29 30 31 32 33 

U'O LTUU 


46 3 NC 
45 3 DQ8 
44 3 DQ7 
43 3 VccQ 
42 3 VssQ 
41 3 DQ6 
40 3 DQ5 
39 3 DQ4 
38 3 DQ3 
37 3 VssQ 
36 3 VccQ 
35 3 DQ2 
34 3 DQ1 



enable latch inputs are disabled. This input latch simplifies 
READ and WRITE cycles by guaranteeing address hold 
time in a simple fashion. 

Dual write strobes (BWL and BWH) allow individual bytes 
to be written. BWL controls DQ1-DQ8 the lower bits. While 
BWH controls DQ9-DQ16 the upper bits. 

A data input latch is provided. When data latch enable 
(DLE) is HIGH, the data latches are in the transparent mode 
and input data flows through the latch. When DLE is LOW, 
the data latch inputs are disabled. The data input latch 
simplifies WRITE cycles by guaranteeing data hold times. 

The MT5C2516 operates from a +5V power supply. Sepa- 
rate and electrically isolated output buffer power 
(VccQ) and ground (VssQ) pins are provided to allow either 
+3.3V or +5V TTL operation of the output drivers. 
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DQ1 


DQ8 


DQ9 


DQ16 
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MT5C2516 


PIN DESCRIPTIONS 


PLCC and PQFP 

PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

33,32, 31,30, 29,26, 25, 
24, 23, 22, 7, 6, 49, 48 

A0-A13 

Input 

Address Inputs: These inputs are either latched or unlatched 
depending on the state of ALE. 

52 

WE 

Input 

Write Enable: This input determines if the cycle is a READ or 
WRITE cycle. WE is LOW for a WRITE cycle and HIGH for a 
READ cycle 

51 

ALE 

Input 

Address Latch Enable: This signal latches the address, CE, and 
CE inputs on its falling edge. When ALE is HIGH, the latch is 
transparent. 

3,4 

BWL, 

BWH 

Input 

Byte Write Enables: These active LOW inputs allow individual 
bytes to be written. When BWL is LOW, data is written to the 
lower byte, D1-D8. When BWH is LOW, data is written to the 
upper byte, D9-D16. When both BWH and BWL are HIGH and 
meet the required setup time to the falling edge of WE, then the 
WRITE cycle is aborted. 

5, 47 

CE,CE 

Input 

Chip Enables: These signals are used to enable the device. Both 
active HIGH (CE) and active LOW (CE) enables are supplied to 
provide on-chip address decoding when multiple devices are 
used, as in a dual bank configuration. 

50 

OE 

Input 

Output Enable: This active LOW input enables the output drivers. 

21 

DLE 

Input 

Data Latch Enable: When DLE is HIGH, the data latch is 
transparent. Input data is latched into the on-chip data latch on 
the falling edge of DLE. 

20, 46 

NC 

Input/ 

Output 

Parity Data I/O: These signals are no connects (NC). No 
connects are not internally bonded. 

34, 35, 38, 39, 40, 
41,44, 45,8, 9,12 

13, 14, 15, 18, 19 

DQ1-DQ1 6 

Input/ 

Output 

SRAM Data I/O: Lower byte is DQ1-DQ8; Upper byte is 
DQ9-DQ16. When data is latched, DQ1-DQ16 must meet the 
required setup and hold times around DLE. 

2, 28 

Vcc 

Supply 

Power Supply: +5V ± 10% 

10, 17,36, 43 

VccQ 

Supply 

Isolated Output Buffer Supply: +5V ± 1 0% or 3.3V ± 1 0% 

11, 16, 37, 42 

VssQ 

Supply 

Isolated Output Buffer Ground: GND 

1,27 

Vss 

Supply 

Ground: GND 
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TRUTH TABLE 


OPERATION 

CE 

CE 

We 

BWL 

BWH 

ALE 

DLE 

m 

DQ 

Deselected cycle 

L 

X 

X 

X 

X 

X 

X 

X 

High-Z 

Deselected 

X 

H 

X 

X 

X 

X 

X 

X 

High-Z 

READ 

H 

L 

H 

X 

X 

H 

X 

H 

High-Z 

READ 

H 

L 

H 

X 

X 

H 

X 

L 

Q1-Q16 

LATCHED READ 

H 

L 

H 

X 

X 

L 

X 

L 

Q1-Q16 

WORD WRITE 

DQ1 -DQ1 6 transparent data-in 

H 

L 

L 

L 

L 

H 

H 

X 

D1-D16 

LATCHED WORD WRITE 

DQ1 -DQ1 6 transparent data-in 

H 

L 

L 

L 

L 

L 

H 

X 

D1-D16 

WORD WRITE 

DQ1 -DQ1 6 latched data-in 

H 

L 

L 

L 

L 

H 

L 

X 

D1-D16 

LATCHED WORD WRITE 

DQ1-DQ1 6 latched data-in 

H 

L 

L 

L 

L 

L 

L 

X 

D1-D16 

ABORTED WRITE 

H 

L 

L 

H 

H 

X 

X 

X 

High-Z 

BYTE WRITE 

DQ1-DQ8 transparent data-in 

H 

L 

L 

L 

H 

H 

H 

X 

D1-D8 

LATCHED BYTE WRITE 

DQ1 -DQ8 transparent data-in 

H 

L 

L 

L 

H 

L 

H 

X 

D1-D8 

BYTE WRITE 

DQ9-DQ1 6 transparent data-in 

H 

L 

L 

H 

L 

H 

H 

X 

D9-D16 

LATCHED BYTE WRITE 

DQ9-DQ1 6 transparent data-in 

H 

L 

L 

H 

L 

L 

H 

X 

D9-D16 

BYTE WRITE 

DQ1-DQ8 latched data-in 

H 

L 

L 

L 

H 

H 

L 

X 

D1-D8 

LATCHED BYTE WRITE 

DQ1 -DQ8 latched data-in 

H 

L 

L 

L 

H 

i 

L 

L 

X 

D1-D8 

BYTE WRITE 

DQ9-DQ16 latched data-in 

H 

L 

L 

H 

L 

H 

L 

X 

D9-D16 

LATCHED BYTE WRITE 

DQ9-DQ16 latched data-in 

H 

L 

L 

H 

I 

L 

L 

L 

X 

D9-D16 


NOTE: 1 . Latched inputs (Addresses, CE, and CE) must satisfy the specified setup and hold times around the falling 
edge of ALE. Data-in must satisfy the specified setup and hold times for DLE. 

2. A transparent WRITE cycle is defined by DLE HIGH during the *DLW time. 

3. A latched WRITE cycle is defined by DLE transitioning LOW during the WRITE cycle and data satisfying the 
specified setup and hold times for DLE. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc/Vccq supply relative 


to Vss/Vssq -1.0V to +7.0V 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 .5W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%; Vss = Vssq, Unless Otherwise Noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

hA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 

Supply Voltage 


Vcc 

4.5 

5.5 

V 

1 

Output Buffer Supply Voltage 

5.0V TTL Compatible 

VCCQ 

4.5 

5.5 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil, CE > Vih; 

Vcc = MAX; Outputs Open 
f = MAX = l/tRC 

Icc 

150 

250 

mA 

3 

Power Supply 

Current: Standby 

CE < Vil, CE > Vih; Vcc = MAX 
Outputs Open 
f = MAX = 1/ ! RC 

ISBI 

20 

30 

mA 


CE > Vcc -0.2; CE< Vss +0.2, 

Vcc = MAX; Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 

8 

10 

mA 


CE < Vil; CE > Vih; Vcc = MAX 
f = 0; Outputs Open 

ISB3 

10 

15 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T a =25°C;f = 1 MHz 

Vcc = 5V 

Ci 


6 

PF 

4 

Input/Output Capacitance (D/Q) 

Ci/o 


8 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = VccQ = 5V ± 1 0%) 


DESCRIPTION 


-15 

-17 

-20 

-25 



SYM 

MIN I MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

ADDRESS LATCH | 

Latch cycle time 

1C 

15 


17 


20 


25 


ns 


Latch high time 

>LEH 

5 


5 


5 


5 


ns 


Address / Chip Enable setup to latch LOW 

is 

2 


2 


2 


2 


ns 


Address / Chip Enable hold from latch LOW 

1H 

3 


3 


3 


3 


ns 


Address / Chip Enable setup to latch HIGH 

'LHS 

0 


0 


0 


0 


ns 


Latch HIGH to output active (Low-Z) 

1ZL 

2 


2 


2 


2 


ns 

6, 7,4 

Latch HIGH to output in High-Z 

*HZL 

2 

7 

2 

7 

2 

7 

2 

10 

ns 

6, 7,4 

READ CYCLE | 

READ cycle time 

'RC 

15 


17 


20 


25 


ns 


Address access time 

'aa 


15 


17 


20 


25 

ns 


Chip Enable access time 

'ACE 


15 


17 


20 


25 

ns 


Output hold from address change 

l OH 

4 


4 


4 


4 


ns 


Chip Enable to output in Low-Z 

'LZCE 

2 


2 


2 


2 


ns 

6, 7,4 

Chip Disable to output in High-Z 

'HZCE 

2 

7 

2 

7 

2 

7 

2 

10 

ns 

6, 7,4 

Chip Enable to power-up time 

tpU 

0 


0 


0 


0 


ns 


Chip Disable to power-down time 

{ PD 


15 


17 


20 


25 

ns 


Output Enable access time 

'AOE 


6 


7 


8 


10 

ns 


Output Enable to output in Low-Z 

'LZOE 

2 


2 


2 


2 


ns 

6, 7,4 

Output Disable to output in High-Z 

'HZOE 

2 

6 

2 

7 

2 

8 

2 

10 

ns 

6, 7,4 

WRITE Cycle 

WRITE cycle time 

<WC 

15 


17 


20 


25 


ns 


Chip Enable to end of write 

'CW 

13 


14 


15 


20 


ns 


Address valid to end of write 

'AW 

13 


14 


15 


20 


ns 


Address setup time 

'AS 

0 


0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


0 


ns 


Write pulse width 

*WP 

13 


14 


15 


20 


ns 


Data setup time 

'DS 

6 


7 


8 


10 


ns 


Data hold time 

'DH 

0 


0 


0 


0 


ns 


\A/rito nioohlo tr\ r>i itr\i it ir» 1 rtim_7 

ti -7VA/rr 

c 


r 


sJ 


u 


n 6 

6, 7, 4 

Write Enable to output in High-Z 

'HZWE 

0 

7 

0 

7 

0 

7 

0 

10 

ns 

6, 7,4 

Byte write enable setup time 

'BWS 

6 


7 


8 


10 


ns 


Byte write enable hold time 

'BWH 

2 


2 


2 


2 


ns 


Byie write aisaoie setup time 

l BWDS 

0 


0 


0 


0 


ns 


Data setup to DLE LOW 

'DLS 

1 


1 


1 


1 


ns 

9 

Data hold from DLE LOW 

'DLH 

3 


3 


3 


3 


ns 

9 

DLE HIGH to end of write 

'DLW 

6 


7 


8 


10 


ns 

8 

End of write to DLE HIGH 

*WDLH 

0 


0 


0 


0 


ns 

9 

End of write to ALE HIGH 

*WLH 

0 


0 


0 


0 


ns 


ALE HIGH setup time to write enable LOW 

'LWS 

0 


0 


0 


0 


ns 


ALE HIGH to end of write 

'LW 

13 


14 


15 


20 


ns 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 




480 

lOOpF 


V 


+5V 
| 480 



V 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. Output loading is specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
l HZCE is less than T.ZCE, and *HZOE is less than 
‘LZOE. 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 


9. A latched WRITE cycle is defined by DLE transition- 
ing LOW during the WRITE cycle and data satisfying 
the specified setup and hold time with respect to DLE. 

10. Any combination of write enable (WE) and chip 
enable (CE) can initiate and terminate a WRITE cycle. 

11 . WE is HIGH for READ cycle. 

12. Device is continuously selected. All chip enables held 
in their active state. 

13. Address valid prior to or coincident with the latest 
occurring chip enable. 

14. CE timing is the same as CE timing. The wave form is 
inverted. 
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Latched READ 


Unlatched READ 


Latched READ 



EH 

\ 

AC 

\ 

As 1 

tLH 





K VAL,D } 

m 

|. L 


« tLH , 

tLS 



l AOE 


Azoe 


y" 

A 



' / 

/ 

[A 


t L^ s i 

tRC j 

1 

l 1 

A$ 

Ah I 

| i 


I i 


)K valid J 

l VAL1D 1 

1 

< tLH ? 
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1 
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L! 
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WRITE CYCLE NO. 2 

Write Enable Initiated / Chip Enable Terminate 
(ALE=DLE=HIGH ) 10 ’ 14 
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WRITE CYCLE NO. 4 7 10 14 


Unlatched Address 
Unlatched Data 


Latched Address 
Latched Data 



> 

</> 

m 

jj 

> 


UNDEFINED 
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MICRON MT5C2818 

■ TECHNOLOGY, INC. 


SRAM 16K x 18 SRAM 

WITH ADDRESS / DATA INPUT LATCHES 


FEATURES 

• Fast access times: 15, 17, 20 and 25ns 

• Fast output enable: 6, 8 and 10ns 

• Single +5V (±10%) power supply 

• Separate, electrically isolated output buffer power 
supply and ground (VccQ, VssQ) 

• Optional +3.3V (±10%) output buffer operation 

• Separate Data Input Latch 

• Common Data Inputs and Data Outputs 

• BYTE WRITE capability via Dual Write Strobes 

• Parity bits 

• Address and Chip Enable input latches 


OPTIONS 

MARKING 

• Timing 

15ns access 

-15 

17ns access 

-17 

20ns access 

-20 

25ns access 

-25 

• Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 

• Density 

16K x 18 

MT5C2818 


GENERAL DESCRIPTION 

The Micron SRAM family employs high-speed, low- 
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

The MT5C2818 SRAM integrates a 16K x 18 SRAM core 
with advanced peripheral circuitry consisting of address 
and data input latches, latched active HIGH and active 
LOW chip enables, separate upper and lower byte write 
strobes and a fast output enable. The device is ideally suited 
for ''pipelined" systems and systems that benefit from a 
wide data bus. Parity bits are provided for added data 
integrity. 

Address and chip enable latches are provided. When 
address latch enable (ALE) is HIGH, the address and chip 
enable latches are transparent, allowing the input to flow 
through the latch. If ALE is LOW, the address and chip 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-5) 


? g|S 8 SIB 

< < lolcolco > >'5 


<'o < < o 



DQP2 

DQ8 

DQ7 

VccQ 

VssQ 

DQ6 

DQ5 

DQ4 

DQ3 

VssQ 

VccQ 

DQ2 

DQ1 


enable latch inputs are disabled. This input latch simplifies 
READ and WRITE cycles by guaranteeing address hold 
time in a simple fashion. 

Dual write strobe s (BWL and BWH) allow individual bytes 
to be written. BWL controls DQ1 -DQ8 and DQP1 , the lower 
bits. While BWH controls DQ9-DQ16 and DQP2, the upper 
bits. 

A data input latch is provided. When data latch enable 
(DLE) is HIGH, the data latches are in the transparent mode 
and input data flows through the latch. When DLE is LOW, 
the data latch inputs are disabled. The data input latch 
simplifies WRITE cycles by guaranteeing data hold times. 

The MT5C2818 operates from a +5V power supply. Sepa- 
rate and electrically isolated output buffer power (VccQ) 
and ground (VssQ) pins are provided to allow either +3.3V 
or +5V TTL operation of the output drivers. 


MT5C281 8 
REV. 1/91 
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DQ1 

DQ8 

DQP1 

DQ9 


DQ16 

DQP2 
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PIN DESCRIPTIONS 


PLCC and PQFP 

PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

33,32, 31,30, 29, 26, 25, 

24, 23, 22, 7, 6, 49, 48 

A0-A13 

Input 

Address Inputs: These inputs are either latched or unlatched 
depending on the state of ALE. 

52 

WE 

Input 

Write Enable: This input determines if the cycle is a READ or 
WRITE cycle. WE is LOW for a WRITE cycle and HIGH for a 
READ cycle 

51 

ALE 

Input 

Address Latch Enable: This signal latches the address, CE, and 
CE inputs on its falling edge. When ALE is HIGH, the latch is 
transparent. 

3, 4 

BWL, 

BWH 

Input 

Byte Write Enables: These active LOW inputs allow individual 
bytes to be written. When BWL is LOW, data is written to the 
lower byte, D1-D8, DQP1 . When BWH is LOW, data is written to 
the upper byte, D9-D16, DQP2. When both BWH and BWL are 
HIGH and meet the required setup time to the falling edge of WE, 
then the WRITE cycle is aborted. 

5, 47 

CE,CE 

Input 

Chip Enables: These signals are used to enable the device. Both 
active HIGH (CE) and active LOW (CE) enables are supplied to 
provide on-chip address decoding when multiple devices are 
used, as in a dual bank configuration. 

50 

OE 

Input 

Output Enable: This active LOW input enables the output drivers. 

21 

DLE 

Input 

Data Latch Enable: When DLE is HIGH, the data latch is 
transparent. Input data is latched into the on-chip data latch on 
the falling edge of DLE. 

20, 46 

DQP1 

DQP2 

Input/ 

Output 

Parity Data I/O: These signals are data parity bits. 

The DQP1 is the parity bit for the lower byte, DQ1-DQ8. DQP2 is 
the parity bit for the upper byte, DQ9-DQ16. 

34, 35, 38, 39, 40, 

41,44, 45, 8, 9, 12 

13, 14, 15, 18, 19 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: Lower byte is DQ1-DQ8; Upper byte is 
DQ9-DQ16. When data is latched, DQ1-DQ16 must meet the 
setup and hold times around DLE. 

2, 28 

Vcc 

Supply 

Power Supply: +5V ± 1 0% 

10, 17, 36, 43 

VccQ 

Supply 

Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

11, 16, 37, 42 

VssQ 

Supply 

Isolated Output Buffer Ground: GND 

1,27 

Vss 

Supply 

Ground: GND 
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TRUTH TABLE 


OPERATION 

CE 

CE 

We 

BWL 

BWH 

ALE 

DLE 

m 

DQ 

DQP 

Deselected cycle 

L 

X 

X 

X 

X 

X 

X 

X 

High-Z 

High-Z 

Deselected 

X 

H 

X 

X 

X 

X 

X 

X 

High-Z 

High-Z 

READ 

H 

L 

H 

X 

X 

H 

X 

H 

High-Z 

High-Z 

READ 

H 

L 

H 

X 

X 

H 

X 

L 

Q1-Q16 

QP1, QP2 

LATCHED READ 

H 

L 

H 

X 

X 

L 

X 

L 

Q1-Q16 

QP1, QP2 

WORD WRITE 

DQ1 -DQ1 6 transparent data-in 

H 

L 

L 

L 

L 

H 

H 

X 

D1-D16 

DPI, DP2 

LATCHED WORD WRITE 

DQ1 -DQ1 6 transparent data-in 

H 

L 

L 

L 

L 

L 

H 

X 

D1-D16 

DPI, DP2 

WORD WRITE 

DQ1-DQ16 latched data-in 

H 

L 

L 

L 

L 

H 

L 

X 

D1-D16 

DPI, DP2 

LATCHED WORD WRITE 
DQ1-DQ16 latched data-in 

H 

L 

L 

L 

L 

L 

L 

X 

D1-D16 

DPI, DP2 

ABORTED WRITE 

H 

L 

L 

H 

H 

X 

X 

X 

High-Z 

High-Z 

BYTE WRITE 

DQ1 -DQ8 transparent data-in 

H 

L 

L 

L 

H 

H 

H 

X 

D1-D8 

DPI 

LATCHED BYTE WRITE 

DQ1-DQ8 transparent data-in 

H 

L 

L 

L 

H 

L 

H 

X 

D1-D8 

DPI 

BYTE WRITE 

DQ9-DQ1 6 transparent data-in 

H 

L 

L 

H 

L 

H 

H 

X 

D9-D16 

DP2 

LATCHED BYTE WRITE 

DQ9-DQ1 6 transparent data-in 

H 

L 

L 

H 

L 

L 

H 

X 

D9-D16 

DP2 

BYTE WRITE 

DQ1-DQ8 latched data-in 

H 

L 

L 

L 

H 

H 

L 

X 

D1-D8 

DPI 

LATCHED BYTE WRITE 

DQ1-DQ8 latched data-in 

H 

L 

L 

L 

H 

L 

L 

X 

D1-D8 

DPI 

BYTE WRITE 

DQ9-DQ16 latched data-in 

H 

L 

L 

H 

L 

H 

L 

X 

D9-D16 

DP2 

LATCHED BYTE WRITE 
DQ9-DQ16 latched data-in 

H 

L 

L 

H 

L 

L 

L 

X 

D9-D16 

DP2 



NOTE: 1 . Latched inputs (Addresses, CE, and CE) must satisfy the specified setup and hold times around the falling 
edge of ALE. Data-in must satisfy the specified setup and hold times for DLE. 

2. A transparent WRITE cycle is defined by DLE HIGH during the *DLW time. 

3. A latched WRITE cycle is defined by DLE transitioning LOW during the WRITE cycle and data satisfying the 
specified setup and hold times for DLE. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc/Vccq supply relative 


to Vss/Vssq -1.0V to +7.0V 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1.5W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(CPC < T A < 70°C; Vcc = 5.0 V ± 10%; Vss = Vssq, Unless Otherwise Noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

|iA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

v 

1 

Supply Voltage 


Vcc 

4.5 

5.5 

V 

1 

Output Buffer Supply Voltage 

5.0V TTL Compatible 

VCCQ 

4.5 

5.5 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil, CE > Vih; Vcc = MAX 
Outputs Open 
f = MAX = l/tRC 

Icc 

150 

250 

mA 

3 

Power Supply 

Current: Standby 

CE < Vil, CE > Vih; Vcc = MAX 
Outputs Open 
f = MAX = l/tRC 

ISBI 

20 

30 

mA 


CE > Vcc - 0.2V; CE < Vss +0.2V, 
Vcc = MAX; Vil < Vss +0.2V, 

Vih > Vcc -0.2V; f = 0 

ISB2 

8 

10 

mA 


CE < Vil; CE > Vih; Vcc = MAX 
f = 0; Outputs Open 

ISB3 

10 

15 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T a =25°C;f = 1 MHz 

Vcc = 5V 

Ci 


6 

PF 

4 

Input/Output Capacitance (D/Q) 

Ci/o 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = VccQ = 5V ± 1 0%) 


DESCRIPTION 


-15 

-17 

-20 

-25 



SYM 

MIN | MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

ADDRESS LATCH | 

Latch cycle time 

l LC 

15 


17 


20 


25 


ns 


Latch high time 

lEH 

5 


5 


5 


5 


ns 


Address / Chip Enable setup to latch LOW 

IS 

2 


2 


2 


2 


ns 


Address / Chip Enable hold from latch LOW 

1H 

3 


3 


3 


3 


ns 


Address / Chip Enable setup to latch HIGH 

1HS 

0 


0 


0 


0 


ns 


Latch HIGH to output active (Low-Z) 

1ZL 

2 


2 


2 


2 


ns 

6, 7,4 

Latch HIGH to output in High-Z 

*HZL 

2 

7 

2 

7 

2 

7 

2 

10 

ns 

6, 7,4 

READ CYCLE | 

READ cycle time 

•RC 

15 


17 


20 


25 


ns 


Address access time 

•AA 


15 


17 


20 


25 

ns 


Chip Enable access time 

•ACE 


15 


17 


20 


25 

ns 


Output hold from address change 

*OH 

4 


4 


4 


4 


ns 


Chip Enable to output in Low-Z 

•lzce 

2 


2 


2 


2 


ns 

6, 7,4 

Chip Disable to output in High-Z 

'HZCE 

2 

7 

2 

7 

2 

7 

2 

10 

ns 

6, 7,4 

Chip Enable to power-up time 

•PU 

0 


0 


0 


0 


ns 


Chip Disable to power-down time 

tPD 


15 


17 


20 


25 

ns 


Output Enable access time 

•aoe 


6 


7 


8 


10 

ns 


Output Enable to output in Low-Z 

1ZOE 

2 


2 


2 


2 


ns 

6, 7,4 

Output Disable to output in High-Z 

t HZOE 

2 

6 

2 

7 

2 

8 

2 

10 

ns 

6, 7,4 

WRITE Cycle | 

WRITE cycle time 

*WC 

15 


17 


20 


25 


ns 


Chip Enable to end of write 

•cw 

13 


14 


15 


20 


ns 


Address valid to end of write 

*AW 

13 


14 


15 


20 


ns 


Address setup time 

•AS 

0 


0 


0 


0 


ns 


Address hold from end of write 

•AH 

0 


0 


0 


0 


ns 


Write pulse width 

twp 

13 


14 


15 


20 


ns 


Data setup time 

•DS 

6 


7 


8 


10 


ns 


Data hold time 

tnu 

n 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

1ZWE 

5 


5 


5 


5 


ns 

6, 7,4 

Write Enable to output in High-Z 

llZWE 

0 

7 

0 

7 

0 

7 

0 

10 

ns 

6, 7,4 

Byte write enable setup time 

•bws 

6 


7 


8 


10 


ns 


Byte write enable hold time 

l BWH 

2 


2 


2 


2 


ns 


Byte write disable setup time 

•bwds 

0 


0 


0 


0 


ns 


Data setup to DLE LOW 

•dls 

1 


1 


1 


1 


ns 

9 

Data hold from DLE LOW 

•dlh 

3 


3 


3 


3 


ns 

9 

DLE HIGH to end of write 

l DLW 

6 


7 


8 


10 


ns 

8 

End of write to DLE HIGH 

*wdlh 

0 


0 


0 


0 


ns 

9 

End of write to ALE HIGH 

*WLH 

0 


0 


0 


0 


ns 


ALE HIGH setup time to write enable LOW 

iws 

0 


0 


0 


0 


ns 


ALE HIGH to end of write 

lw 

13 


14 


15 


20 


ns 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 



+5V 
^ 480 

=r= 100pF 

V 


Q J 

255 £ 


+5V 
^ 480 

^5pF 

V 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 



NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. Output loading is specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than^ZCE, and ^ZOE is less than 
tLZOE. 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 


9. A latched WRITE cycle is defined by DLE transition- 
ing LOW during the WRITE cycle and data satisfying 
the specified setup and hold time with respect to DLE. 

10. Any combination of write enable (WE) and chip 
enable (CE) can initiate and terminate a WRITE cycle. 

1 1 . WE is HIGH for READ cycle. 

12. Device is continuously selected. All chip enables held 
in their active state. 

13. Address valid prior to or coincident with the latest 
occurring chip enable. 

14. CE timing is the same as CE timing. The wave form is 
inverted. 
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READ CYCLE NO. 2 7 11 13 14 
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READ CYCLE NO. 3 

(ALE=DLE=HIGH ) 7 ’ 11 - 14 



Latched READ Unlatched READ Latched READ 



4-159 


FAST SRAM 





FAST SRAM 


ADVANCE 


MICRON MT5C2818 I 

■ TECHNOLOGY, INC. 


WRITE CYCLE NO. 1 

Chip Enable Controlled 
(ALE=DLE=HIGH) 10 ’ 14 



7/h D0NT CARE 

UNDEFINED 
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WRITE CYCLE NO. 4 7 10 14 


Unlatched Address 
Unlatched Data 


Latched Address 
Latched Data 



| DON’T CARE 
UNDEFINED 
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MICRON IT/AT/XT** SPECIFICATION - 16 K SRAM FAMILY 

■ TECHNOLOGY, INC. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


'‘"Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 


This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

**it- (-40°c to +85°c), 

AT- (-40°C to +125°C), 

XT- (-55°C to +125°C) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(-40°C <T a < 85°C; -40°C <T a < 125°C; -55°C <T A < 125°C; Vcc = 5.0V ± 10%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

Icc 

150 

135 

120 

110 

110 

110 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

ISBI 

55 

50 

45 

40 

40 

40 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

3 

3 

3 

3 

3 

3 

mA 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Data Retention 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < -0.2V 

Vcc = 2V 

ICCDR 


150 

300 

mA 


Vcc = 3V 



450 

550 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (-40°C <T A < 85°C; -40°C < T A < 1 25°C; -55°C < T A < 1 25°C; Vcc = 5.0 ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

>RC 

12 


15 


20 


25 


30 


35 


ns 


Address access time 

*AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

>ACE 


11 


12 


15 


20 


25 


30 

ns 


Output hold from address change 

*OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

•lzce 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

•hzce 


7 


7 


10 


10 


15 


20 

ns 

6,7 

Chip Enable to power-up time 

l PU 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

X PD 


12 


15 


20 


25 


30 


35 

ns 


Output enable access time 

l AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

<LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

'HZOE 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

Me 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

•cw 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

<AW 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

*AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

*AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

•WP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

•DS 

9 


9 


10 


12 


15 


15 


ns 


Data hold time 

•dh 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

’LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

'HZWE 


6 


6 


8 


10 


12 


15 

ns 

6 

Write Enable to output valid 

•AWE 


12 


15 


20 


25 


30 


35 

ns 


Data valid to output valid 

*ADV 


12 


15 


20 


25 


30 


35 

ns 
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MICRON IT/AT/XT** SPECIFICATION - 64K SRAM FAMILY 

■ TECHNOLOGY, INC. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to + 150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 


This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

**IT- (-40°C to +85°C), 

AT- (-40°C to +125°C), 

XT - (-55°C to +125°C) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(-40°C < T A < 85°C; -40°C < T A < 1 25°C; -55°C < T A < 1 25°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

l*A 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-12 

-15 

-20 

-25 

-30 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = l/'RC, 

Outputs Open 

Icc 

150 

140 

130 

120 

110 

110 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = l/’RC, 

Outputs Open 

ISBI 

60 

50 

45 

40 

40 

40 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

5 

5 

5 

5 

5 

5 

mA 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Data Retention 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < -0.2V 

Vcc = 2 V 

ICCDR 


150 

300 

mA 


Vcc = 3V 



450 

550 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


7 

PF 

4 
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FAST SRAM 


MICRON IT/AT/XT** SPECIFICATION - 64K SRAM FAMILY 

■ TECHNOLOGY, INC. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (-40°C < T A < 85°C; -40°C < T A < 1 25°C; -55°C < T A < 1 25°C; Vcc = 5.0 ± 1 0%) 


DESCRIPTION 


-12 

-15 

-20 

-25 

-30 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

*RC 

12 


15 


20 


25 


30 

. . 

35 


ns 


Address access time 

X AA 


12 


15 


20 


25 


30 


35 

ns 


Chip Enable access time 

'ACE 


12 


12 


15 


20 


25 


30 

ns 




Output hold from address change 

'OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable to output in Low-Z 

‘LZCE 

3 


3 


5 


5 


5 


5 


ns 


Chip Disable to output in High-Z 

tHZCE 


7 


7 


10 


10 


15 


20 

ns 

6,7 

Chip Enable to power-up time 

x p\j 

0 


0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

'PD 


12 


15 


20 


25 


30 


35 

ns 


Output Enable access time 

'AOE 


7 


7 


9 


10 


15 


20 

ns 


Output Enable to output in Low-Z 

'LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Disable to output in High-Z 

*HZOE 


6 


6 


10 


10 


15 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

>WC 

12 


15 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

*CW 

10 


12 


15 


20 


25 


25 


ns 


Address valid to end of write 

X A\N 

12 


12 


15 


20 


25 


25 


ns 


Address setup time 

X AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

X AH 

0 


0 


0 


0 


0 


0 


ns 


Write pulse width 

'WP 

10 


12 


15 


20 


25 


25 


ns 


Data setup time 

'DS 

9 


9 


10 


12 


15 


15 


ns 


Data hold time 

X DH 

0 


0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

'LZWE 

2 


2 


2 


2 


2 


2 


ns 


Write Enable to output in High-Z 

*HZWE 


6 


6 


8 


10 


12 


15 

ns 

6 

Write Enable to output valid 

*AWE 


12 


15 


20 


25 


30 


35 

ns 


Data valid to output valid 

'ADV 


12 


15 


20 


25 


30 


35 

ns 
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MICRON IT/AT/XT** SPECIFICATION - 256 K SRAM FAMILY 

■ TECHNOLOGY, INC. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 


This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

**IT- (-40°C to +85°C) / 

AT- (-40°C to +125°C), 

XT- (-55°C to +125°C) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(-40°C < T A < 85°C; -40°C < T A < 1 25°C; -55°C < \ < 1 25°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc +1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

HA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25 

-30 

-35 

-40 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

Icc 

120 

110 

100 

100 

100 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 

30 

30 

30 

30 

30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 

8 

8 

8 

8 

8 

mA 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Data Retention 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < -0.2V 

Vcc = 2V 

ICCDR 


95 

500 

mA 


Vcc = 3V 



300 

900 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


7 

PF 

4 

Output Capacitance 

Co 


5 

PF 

4 
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FAST SRAM 


MICRON IT/AT/XT** SPECIFICATION - 256K SRAM FAMILY 

■ TECHNOLOGY, INC. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (-40°C < T A < 85°C; -40°C <T A < 1 25°C; -55°C < T A < 1 25°C; Vcc = 5.0 ± 1 0%) 


DESCRIPTION 


-20 

-25 

-30 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

<RC 

20 


25 


30 


35 


45 


ns 


Address access time 

*AA 


20 


25 


30 


35 


45 

ns 


Chip Enable access time 

*ACE 


20 


25 


30 


35 


45 

ns 


Output hold from address change 

{ OH 

3 


5 


5 


5 


5 


ns 


Chip Enable to output in Low-Z 

•lzce 

6 


6 


6 


6 


6 


ns 


Chip Disable to output in High-Z 

*HZCE 


9 


9 


12 


15 


18 

ns 

6,7 

Chip Enable to power-up time 

tpu 

0 


0 


0 


0 


0 


ns 


Chip Disable to power-down time 

•PD 


20 


25 


30 


35 


45 

ns 


Output Enable access time 

x AOE 


10 


10 


12 


15 


15 

ns 


Output Enable to output in Low-Z 

•lzoe 

0 


0 


0 


0 


0 


ns 


Output Disable to out put in High-Z 

t HZOE 


7 


7 


10 


12 


15 

ns 


WRITE Cycle 

WRITE cycle time 

*wc 

20 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

*cw 

15 


18 


20 


20 


25 


ns 


Address valid to end of write 

*AW 

15 


18 


20 


20 


25 


ns 


Address setup time 

•as 

0 


0 


0 


0 


0 


ns 


Address hold from end of write 

*AH 

0 


0 


0 


0 


o 


ns 


Write pulse width 

twp 

15 


18 


20 


20 


25 


ns 


Data setup time 

•ds 

10 


12 


15 


15 


20 


ns 


Data hold time 

•dh 

0 


0 


0 


0 


0 


ns 


Write Disable to output in Low-Z 

•lzwe 

5 


5 


5 


5 


5 


ns 


Write Enable to output in High-Z 

•hzwe 


10 


10 


12 


15 


18 

ns 

6 
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MICRON IT/AT/XT** SPECIFICATION -1 MEG SRAM FAMILY 

■ TECHNOLOGY, INC. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘"Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 


This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

**it- (-40°c to +85°c), 

AT- (-40°C to +125°C), 

XT- (-55°C to +125°C) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(-40°C <T a < 85°C; -40°C < T A < 125°C; -55°C < T A < 125°C; Vcc = 5.0V ± 10%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

nA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

CE < Vil; Vcc = MAX 
f = MAX = l/tRC, 

Outputs Open 

Icc 


120 

mA 

3 

Power Supply 

Current: Standby 

CE > Vih ; Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 


30 

mA 


CE > Vcc -0.2V; Vcc = MAX 

Vil < Vss +0.2V; 

Vih > Vcc -0.2V; f = 0 

ISB2 


7 

mA 


Power Supply 

Current: Data Retention 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < -0.2V 

Vcc = 2V 

ICCDR 


500 

mA 


Vcc = 3V 



750 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

P p 

4 
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FAST SRAM 


|U||CZRON IT/AT/XT** SPECIFICATION - 1 MEG SRAM FAMILY 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (-40°C < T A < 85°C; -40°C < T A < 1 25°C; -55°C < T A < 1 25°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 


-25 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

•rc 

25 


35 


45 


ns 


Address access time 

l AA 


25 


35 


45 

ns 


Chip Enable access time 

l ACE 


25 


35 


45 

ns 


Output hold from address change 

kDH 

5 


5 


5 


ns 


Chip Enable to output in Low-Z 

*LZCE 

5 


5 


5 


ns 


Chip Disable to output in High-Z 

l HZCE 


10 


15 


18 

ns 

6,7 

Chip Enable to power-up time 

*PU 

0 


0 


0 


ns 


Chip Disable to power-down time 

'PD 


25 


35 


45 

ns 


Output Enable access time 

l AOE 


8 


12 


15 

ns 


Output Enable to output in Low-Z 

'LZOE 

0 


0 


0 


ns 


Output Disable to output in High-Z 

'HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

25 


35 


45 


ns 


Chip Enable to end of write 

•cw 

15 


20 


25 


ns 


Address valid to end of write 

4 AW 

15 


20 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Address hold from end of write 

•AH 

0 


0 


0 


ns 


Write pulse width 

'WP 

15 


20 


25 


ns 


Data setup time 

X DS 

10 


15 


20 


ns 


Data hold time 

'DH 

0 


0 


0 


ns 


Write Disable to output in Low-Z 

'LZWE 

0 


0 


0 


ns 


Write Enable to output in High-Z 

'HZWE 

0 

10 

0 

15 

0 

18 

ns 

6,7 
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DYNAMIC RAMS .. 

DRAM MODULES 

MULTIPORT DRAMS 

STATIC RAMS 

SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 

APPLICATION/TECHNICAL INFORMATION 

MILITARY INFORMATION 

PACKAGE INFORMATION 

SALES INFORMATION 





SYNCHRONOUS SRAM PRODUCT SELECTION GUIDE 


Memory 

Control 

Part 

Access 

Package 



Configuration 

Functions 

Number 

Time (ns) 

PLCC 

PQFP 

Process 

Page 

Dual 16K x 16 

Registered Address, Write 
Control, Dual Chip Enable; 
Data Input Latch 

MT58C1616 

15, 17, 20, 25 

52 

52 

CMOS 

5-1 

Dual 16K x 18 

Registered Address, Write 
Control, Dual Chip Enable; 
Data Input Latch 

MT58C1618 

15, 17, 20, 25 

52 

52 

CMOS 

5-11 





ADVANCE 


MICRON 

* technology. inc. 


MT58C1616 


SYNCHRONOUS 1 6 K x 1 6 SRAM 

SRAM WITH CLOCKED, REGISTERED INPUTS 


FEATURES 

• Fast access times: 15, 17, 20, and 25ns 

• Fast Output Enable: 6, 7, 8, and 10ns 

• Single +5V (±10%) power supply 

• Separate, electrically isolated output buffer power 
supply and ground (VccQ, VssQ) 

• Optional +3.3V (±10%) output buffer operation 

• Data Input Latch 

• Common Data Inputs and Data Outputs 

• BYTE WRITE capability via Dual Write Strobes 

• Clock controlled registered address. Write Control and 
Dual Chip Enables 


OPTIONS 

MARKING 

• Timing 

15ns access 

-15 

17ns access 

-17 

20ns access 

-20 

25ns access 

-25 

• Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 

• Density 

16K x 16 

MT58C1616 


GENERAL DESCRIPTION 

The Micron Synchronous SRAM family employs high 
speed, low power CMOS designs using a four-transistor 
memory cell. Micron SRAMs are fabricated using double- 
layer metal, double-layer polysilicon technology. 

The MT58C1616 SRAM integrates a 16K x 16 SRAM core 
with advanced synchronous peripheral circuitry. All 
synchronous inputs pass through registers controlled by a 
positive-edge- triggered single clock input (CLK). The 
synchr onou s inputs include all addresses, the two chip 
selects (SCE, SCE) and the synchronous write enable (SWE). 
Asynchronous inputs include the byte write enables ( WEL, 
WEH), output enable (OE), data latch enable (DLE) and the 
clock. Input data can be asynchronously latched by DLE to 
provide simplified data-in ( D) tim ing during WRITE cycles. 
Data-out (Q), enabled by OE during READ cycles, is 
asynchronous. The entire data word (DQ1 - DQ16) is output 
during each READ cycle. The devices are ideally suited for 
"pipelined" systems and those systems which benefit from 
a wide data bus. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-5) 


> > o ss rjirn ^ ^ o 

<C < Icol^l^ > > 'CO O'O < < GO 

xld n ii nD J] n d q n n n ... 

7 6 5 4 3 2 U 52 51 50 49 48 47 


DQ9 L 8 
DQ10 C 9 
VccQ L 10 
VssQ C 11 
DQ11 L 12 
DQ12 C 13 
DQ13 C 14 
DQ14 C 15 
VssQ L 16 
VccQ L 17 
DQ15 C 18 
DQ16 C 19 
NC C 20 


1 


21 22 23 24 25 26 27 28 29 30 31 32 33 


roTTErm 


ITJ'U'LJ cr 


46 3 NC 
45 1 DQ8 
44 3 DQ7 
43 3 VccQ 
42 3 VssQ 
41 3 DQ6 
40 3 DQ5 
39 3 DQ4 
38 3 DQ3 
37 3 VssQ 
36 3 VccQ 
35 3 DQ2 
34 3 DQ1 


Address and write control are registered on-chip to 
simplify WRITE cycles. Dual write enables allow individual 
bytes to be written. WEL controls DQ1-DQ8 while WEH 
controls DQ9-DQ16. WEL/WEH allow late WRITE cycles 
to be aborted if they are both HIGH during the LOW period 
of the clock. Dual chip enables (SCE, SCE) allow on-chip 
address decoding to be accomplished when the devices are 
used in a dual bank mode. 

A data input latch is provided. When DLE is HIGH, the 
data latches are in the transparent mode and input data 
flows through the latch. When DLE is LOW, the data latch 
inputs are disabled. The data input latch simplifies WRITE 
cycles by guaranteeing data hold times. 

The MT58C1616 operates from a +5V power supply. 
Separate and electrically isolated output buffer power (VccQ) 
and ground (VssQ) pins are provided to allow either +3.3V 
or +5V TTL operation of the output drivers. 


MT58C1616 
REV. 1/91 
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Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 



DQ1 


DQ8 

DQ9 


DQ16 
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MICRON 

■ TECHNOLOGY, INC. 


MT58C1616 


PIN DESCRIPTIONS 


PLCC and PQFP 

PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

33,32,31,30, 29, 26, 25, 

24, 23, 22, 7, 6, 49, 48 

A0-A13 

Input 

Address Inputs: These inputs are registered and must meet the 
setup and hold times around the rising edge of CLK. 

52 

SWE 

Input 

Synchronous Write Enable: This input is a synchronous write 
enable and must meet the setup and hold times around the rising 
edge of CLK. SWE is LOW for a WRITE cycle and HIGH for a 
READ cycle 

51 

CLK 

Input 

Clock: This signal registers the address, SCE, SCE, and SWE 
inputs on its rising edge. All synchronous inputs must meet set- 
up and hold times around the clock’s rising edge. 

3,4 

WEL, 

WEH 

Input 

Asynchronous Write Enables: These asynchronous, active LOW 
inputs allow individual bytes to be written. When WEL is LOW, 
data is written to the lower byte, D1-D8. When WEH is LOW, 
data is written to the upper byte, D9-D16. A late WRITE cycle 
can be aborted if both WEL and WEH are HIGH during the LOW 
period of CLK. 

5, 47 

SCE, SCE 

Input 

Synchronous Chip Selects: These synchronous signals are used 
to enable the device. Both active HIGH (SCE) and active LOW 
(SCE) enables are supplied to provide on-chip address decoding 
when multiple devices are used, as in a dual bank configuration. 

50 

OE 

Input 



Output Enable: This active LOW input enables the output 
drivers. 

21 

DLE 

Input 

Data Latch Enable: When DLE is HIGH the latch is transparent. 
Input data is latched asynchronously into the on-chip data latch 
on the falling edge of DLE. DLE must meet the setup and hold 
times around CLK if data is latched. 

20, 46 

NC 

Input/ 

These pins are no connects (NC). No connects are not 


NC 

Output 

internally bonded. 

34, 35, 38, 39, 40, 

DQ1-DQ16 

Input/ 

SRAM Data I/O: Lower byte is DQ1-DQ8; Upper byte is DQ9- 

41,44, 45, 8,9,12 

13, 14, 15, 18, 19 


Output 

DQ16. Input data must meet the setup and hold time around 

DLE when being latched. 

2, 28 

Vcc 

Supply 

Power Supply: +5V ±10% 

10, 17, 36, 43 

VccQ 

Supply 

Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

11, 16, 37, 42 

VssQ 

Supply 

Isolated Output Buffer Ground: GND 

1, 27 

Vss 

Supply 

Ground: GND 
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SYNCHRONOUS SRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT58C1616 


TRUTH TABLE 


OPERATION 

SCE 

SCE 

SWE 

WET 

WEH 

DLE 

OE 

DQ 

Deselected Cycle 

L 

X 

X 

X 

X 

X 

X 

High-Z 

Deselected Cycle 

X 

H 

X 

X 

X 

X 

X 

High-Z 

Read Cycle 

H 

L 

H 

X 

X 

X 

H 

High-Z 

Read Cycle 

H 

L 

H 

X 

X 

X 

L 

Q1-Q16 

Word Write Cycle DQ1-DQ16 

Transparent data-in 

H 

L 

L 

L 

L 

H 

X 

D1-D16 

Word Write Cycle DQ1-DQ16 

Latched data-in 

H 

L 

L 

L 

L 

L 

X 

D1-D16 

Aborted Write Cycle 

H 

L 

L 

H 

H 

X 

X 

High-Z 

Byte Write Cycle DQ1 -DQ8 

Transparent data-in 

H 

L 

L 

L 

H 

H 

X 

D1-D8 

Byte Write Cycle DQ9-DQ16 

Transparent data-in 

H 

L 

L 

H 

L 

H 

X 

D9-D16 

Byte Write Cycle DQ1-DQ8 

Latched data-in 

H 

L 

L 

L 

H 

L 

X 

D1-D8 

Byte Write Cycle DQ9-DQ1 6 

Latched data-in 

H 

L 

L 

H 

L 

L 

X 

D9-D16 



NOTE: 1 . Registered inputs (Addresses, SWE, SCE, and SCE) must satisfy the specified setup and hold times around 
the rising edge of clock (CLK). Data-in must satisfy the specified setup and hold times for DLE. 

2. A transparent WRITE cycle is defined by DLE HIGH during the WRITE cycle. 

3. A latched WRITE cycle is defined by DLE transitioning LOW during the WRITE cycle and satisfying the 
specified setup and hold times. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc/Vccq supply relative 


to Vss/Vssq -1.0 V to +7.0V 

Storage Temperature (Plastic) -55° C to +150°C 

Power Dissipation 1.5W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc =5.0V ± 10%; Vss = Vssq, Unless Otherwise Noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

(iA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

... .. ... ._ 1 

10 

|iA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 

Supply Voltage 


Vcc 

4.5 

5.5 

V 

1 

Output Buffer Supply Voltage 

5.0V TTL Compatible 

VCCQ 

4.5 

5.5 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

SCE < Vil; SCE > Vih; f = MAX, 
Vcc = MAX; Outputs Open 

Icc 

150 

300 

mA 

3 

Power Supply 

Current: Standby 

f = MAX; SCE < Vil; SCE > Vih, 
Vcc = MAX 

ISBI 

20 

50 

mA 


SCE > Vcc -0.2; SCE < Vss +0.2, 
Vcc = MAX; Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 

8 

15 

mA 


f = 0; SCE ^ Vil; SCE < Vih, 
Vcc = MAX 

ISB3 

10 

l 

25 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


6 

PF 

4 

Input/Output Capacitance (D/Q) 

Co 


8 

pF 

4 
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SYNCHRONOUS SRAM 


ADVANCE 



MT58C1616 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = VccQ = 5V ± 1 0%) 


DESCRIPTION 


-15 

-17 

-20 

-25 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Clock | 

Clock cycle time 

*KC 

15 


17 


20 


25 


ns 


Clock high time 

*KH 

4 


4 


4 


4 


ns 


Clock low time 

*KL 

8 


8 


8 


8 


ns 


Chip Enable [ 

SCE/SCE setup time 

‘SCES 

2 


2 


2 


2 


ns 

10 

SCE/SCE hold time 

’SCEH 

2 


2 


2 


2 


ns 

10 

Address | 

Address setup time 

'SAS 

2 


2 


2 


2 


ns 

10 

Address hold time 

*SAH 

2 


2 


2 


2 


ns 

10 

READ Cycle | 

READ cycle time 

*RC 

15 


17 


20 


25 


ns 

11 

Clock to output valid 

l KQ 


15 


17 


20 


25 

ns 


Clock to output invalid 

•KQX 

3 


3 


3 


3 


ns 

10 

Clock to output in Low-Z 

‘KQLZ 

10 


10 


10 


10 


ns 

6,7 

Clock to output in High-Z 

•kqhz 

3 

8 

3 

8 

3 

8 

3 

12 

ns 

6,7 

SWE setup time 

‘SWNS 

2 


2 


2 


2 


ns 

10 

SWE hold time 

‘SWNH 

2 


2 


2 


2 


ns 

10 

OE to output valid 

*OEQ 


6 


7 


8 


10 

ns 


OE to output in Low-Z 

•OELZ 

0 


0 


0 


0 


ns 

6,7 

OE to output in High-Z 

l OEHZ 


8 


8 


8 


8 

ns 

6,7 

WRITE Cycle | 

WRITE cycle time 

*WC 

15 


17 


20 


25 


ns 

11 

SWE setup time 

^WES 

2 


2 


2 


2 


ns 

10 

SWE hold time 

•SWEH 

2 


2 


2 


2 


ns 

10 

Data setup time 

>DS 

5 


6 


6 


7 


ns 

8, 10 

Data hold time 

'DH 

2 


2 


2 


2 


ns 

8, 10 

Data to DLE not setup time 

‘DLNS 

1 


1 


1 


1 


ns 

9, 10 

Data to DLE not hold time 

^LNH 

3 


3 


3 


o 


ns 

3, 10 

DLE setup time 

T>LS 

6 


6 


6 


7 


ns 

9, 10 

DLE hold time 

'DLH 

2 


2 


2 


2 


ns 

9, 10 

WEL/WEH setup time 

‘WES 

6 

. 

6 


6 


7 


ns 

10 

WEL/WEH hold time 

•WEH 

2 


2 


2 


2 


ns 

10 

WET / WEH not setup time 

*WNS 


0 


0 


0 


0 

ns 

10 

WEL/WEH not hold time 

‘WNH 

2 


2 


2 


2 


ns 

10 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 



+5V 
5 480 

=3= 1 0OpF 


+5V 
| 480 





V 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. Output loading is specified with CL = 5pF as in Fig. 2. 
Transition is measured ± 500m V from steady state 
voltage. 

7. At any given temperature and voltage condition, 
tRQHZ is less than^QLZ and TDEHZ is less than 
tQELZ. 


8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

9. A latched WRITE cycle is defined by DLE transition- 
ing LOW during the WRITE cycle and satisfying the 
specified setup and hold time with respect to the 
rising edge of clock (CLK). 

10. This is a synchronous device. All synchronous inputs 
must meet the setup and hold times with stable logic 
levels for all falling edges of address latch enable 
(ALE) and data latch enable (DLE). 

11. *RC = *WC = LKC 
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ADVANCE 


fUlICZRON MT58C1616 


READ TIMING 2 


READ READ DISABLED READ CHIP DESELECT 



NOTE: 1 . When synchronous chip enables (SCE, SCE) are inactive, the part is deselected. 

2. WEL / WEH are Don’t Care signals during a READ cycle. __ 

3. Data out (Q) is disabled whenever asynchronous output enable (OE) is inactive, during a READ cycle. 
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MT58C1616 


WRITE TIMING 



NOTE: 1 . Data is latched when DLE transitions from HIGH to LOW. When DLE is HIGH, the latch is transparent and 
data flows through the latch. 

2. Asynchronous write enables (WEH, WEL) are available for use as byte write enables at the system level. 
They are also available to perform a late WRITE cycle abort. 

3. When synchronous chip enables (SCE, SCE) are inactive, the part is deselected. 
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READ/WRITE TIMING 


LATCHED WRITE , READ 


UNLATCHED WRITE 









1 




KH 

1 KL 


1 l SAS 

l SAH 


1 *SAS 

( SAH 1 




1" 

"* *1 

ADn > 

7MMM ADn + l)f 

t SCES 

|SCEH 

I ^SCES 

JsCEH 


^AP n+2/ p 

*SCES l SCEH 


ffAPn + 3ff 

l SCES l SCEHi 


iJsWNsI |t SWNH k*SWE S I ‘SWEH | JsWNS 1 


\DATA n+1; 

l DLNS t DLNH 


WES|-«« — WEH 


l DLS | I DLH 

*WFS I I 



] DON’T CARE 
I UNDEFINED 
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SYNCHRONOUS 

SRAM 


16K x 18 SRAM 

WITH CLOCKED, REGISTERED INPUTS 


FEATURES 

• Fast access times: 15, 17, 20, and 25ns 

• Fast Output Enable: 6, 7, 8, and 10ns 

• Single +5V (±10%) power supply 

• Separate, electrically isolated output buffer power 
supply and ground (VccQ, VssQ) 

• Optional +3.3V (±10%) output buffer operation 

• Data Input Latch 

• Common Data Inputs and Data Outputs 

• BYTE WRITE capability via Dual Write Strobes 

• Parity Bits 

• Clock controlled registered address. Write Control and 
Dual Chip Enables 


OPTIONS 

MARKING 

• Timing 

15ns access 

-15 

17ns access 

-17 

20ns access 

-20 

25ns access 

-25 

• Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 

• Density 

16K x 18 

MT58C1618 


GENERAL DESCRIPTION 

The Micron Synchronous SRAM family employs high 
speed, low power CMOS designs using a four-transistor 
memory cell. Micron SRAMs are fabricated using double- 
layer metal, double-layer polysilicon technology. 

The MT58C1618 SRAM integrates a 16K x 18 SRAM core 
with advanced synchronous peripheral circuitry. All 
synchronous inputs pass through registers controlled by a 
positive-edge-triggered single clock input (CLK). The 
synchronous inputs include all addresses, the two chip 
selects (SCE, SCE) and the synchronous write enable (SWE) . 
Asynchronous inputs include the byte write enables ( WEL, 
WEH), output enable (OE), data latch enable (DLE) and the 
clock. Input data can be asynchronously latched by DLE to 
provide simplified data-in (D) timing during WRITE cycles. 
Data-out (Q), enabled by OE during READ cycles, is 
asynchronous. The entire data word (DQ1-DQ16, DQP1 /2) 
is output during each READ cycle. The devices are ideally 
suited for "pipelined" systems and those systems which 
benefit from a wide data bus. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-5) 


DQ9 C 8 
DQ10 L 9 
VccQ L 10 
VssQ C 11 
DQ11 C 12 
DQ12 C 13 
DQ13 L 14 
DQ14 C 15 
VssQ L 16 
VccQ L 17 
DQ15 C 18 
DQ16 C 19 
DQP1 C 20 


O t-ILU rhluj O c/J > ^ , CM CD LU 

r- r- O ^ ^ o in *5 _l UJ t- t- O 

< < Icol-SI-S > > I CO O'O < <C CO 

mu d p cl rLrpj T j n j n j r uri _o.. 

LJ 59 

1 


7 6 5 4 3 2 LJ 52 51 50 49 48 47 


46 3 DQP2 
45 3 DQ8 
44 13 DQ7 
VccQ 
VssQ 


21 22 23 24 25 26 27 28 29 30 31 32 33 

I LI U' U“D"U U'U U TJ O 


DQ6 

DQ5 

DQ4 

DQ3 

VssQ 

VccQ 

DQ2 

DQ1 


Address and write control are registered on-chip to 
simplify WRITE cycles. Dual write enables allow individual 
bytes to be written. WEL controls DQ1 -DQ8 and DQP1 while 
WEH controls DQ9-DQ16 and DQP2. WEL/WEH allow late 
WRITE cycles to be aborted if they are both HIGH d uring 
the LOW period of the clock. Dual chip enables (SCE, SCE) 
allow on-chip address decoding to be accomplished when 
the devices are used in a dual bank mode. 

A data input latch is provided. When DLE is HIGH, the 
data latches are in the transparent mode and input data 
flows through the latch. When DLE is LOW, the data latch 
inputs are disabled. The data input latch simplifies WRITE 
cycles by guaranteeing data hold times. 

The MT58C1618 operates from a +5V power supply. 
Separate and electrically isolated output buffer power (V ccQ) 
and ground (VssQ) pins are provided to allow either +3.3V 
or +5V TTL operation of the output drivers. 


MT58C1618 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 



DQ1 


DQ8 

DQP1 

DQ9 


DQ16 

DQP2 
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MT58C1618 


PIN DESCRIPTIONS 


PLCC and PQFP 

PIN NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

33, 32, 31, 30, 29, 26, 25, 

24, 23, 22, 7, 6, 49, 48 

A0-A13 

Input 

Address Inputs: These inputs are registered and must meet the 
setup and hold times around the rising edge of CLK. 

52 

SWE 

Input 

Synchronous Write Enable: This input is a synchronous write 
enable and must meet the setup and hold times around the rising 
edge of CLK. SWE is LOW for a WRITE cycle and HIGH for a 
READ cycle 

51 

CLK 

Input 

Clock: This signal latches the address, SCE, SCE, and SWE 
inputs on its rising edge. All synchronous inputs must meet setup 
and hold times around the clock's rising edge. 

3,4 

WEL, 

WEH 

Input 

Asynchronous Write Enables: These asynchronous, active LOW 
inputs allow individual bytes to be written. When WEL is LOW, 
data is written to the lower byte, D1-D8, DQP1 . When WEH is 
LOW, data is written to the upper byte, D9-D16, DQP2. A late 
WRITE cycle can be aborted if both WEL and WEH are HIGH 
during the LOW period of CLK. 

5, 47 

SCE.SCE 

Input 

Synchronous Chip Selects: These synchronous signals are used 
to enable the device. Both active HIGH (SCE) and active LOW 
(SCE) enables are supplied to provide on-chip address decoding 
when multiple devices are used, as in a dual bank configuration. 

50 

OE 

Input 

Output Enable: This active LOW input enables the output 
drivers. 

21 

DLE 

Input 

Data Latch Enable: When DLE is HIGH the latch is transparent. 
Input data is latched asynchronously into the on-chip data latch 
on the falling edge of DLE. DLE must meet the setup and hold 
times around DLE if data is latched. 

20, 46 

DQP1 

DQP2 

Input/ 

Output 

Parity Data I/O: These signals are data parity bits. The DQP1 
is the parity bit for the lower byte, DQ1 -DQ8. DQP2 is the parity 
bit for the upper byte, DQ9-DQ16. Parity data must meet the setup 
and hold time around DLE when being latched. 

34, 35, 38, 39, 40, 

41,44, 45, 8, 9, 12 

13, 14, 15, 18, 19 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: Lower byte is DQ1-DQ8; Upper byte is DQ9- 
DQ1 6. Input data must meet the setup and hold time around 

DLE when being latched. 

2, 28 

Vcc 

Supply 

Power Supply: +5V ± 1 0% 

10, 17, 36, 43 

VccQ 

Supply 

Isolated Output Buffer Supply: +5V ± 1 0% or 3.3V ± 1 0% 

11, 16, 37, 42 

VssQ 

Supply 

Isolated Output Buffer Ground: GND 

1, 27 

Vss 

Supply 

Ground: GND 
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TRUTH TABLE 


OPERATION 

SCE 

SCE 

SWE 

WET 

Weh 

DLE 

m 

DQ 

Deselected Cycle 

L 

X 

X 

X 

X 

X 

X 

High-Z 

Deselected Cycle 

X 

H 

X 

X 

X 

X 

X 

High-Z 

Read Cycle 

H 

L 

H 

X 

X 

X 

H 

High-Z 

Read Cycle 

H 

L 

H 

X 

X 

X 

L 

Q1-Q16, QP1.QP2 

Word Write Cycle DQ1-DQ16, DQP1, DQP2 
Transparent data-in 

H 

L 

L 

L 

L 

H 

X 

D1-D16, DPI, DP2 

Word Write Cycle DQ1-DQ16, DQP1, DQP2 
Latched data-in 

H 

L 

L 

L 

L 

L 

X 

D1-D16, DPI , DP2 

Aborted Write Cycle 

H 

L 

L 

H 

H 

X 

X 

High-Z 

Byte Write Cycle DQ1-DQ8, DQP1 

Transparent data-in 

H 

L 

L 

L 

H 

H 

X 

D1-D8, DPI 

Byte Write Cycle DQ9-DQ16, DQP2 

Transparent data-in 

H 

L 

L 

H 

L 

H 

X 

D9-D16, DP2 

Byte Write Cycle DQ1-DQ8, DQP1 

Latched data-in 

H 

L 

L 

L 

H 

L 

X 

D1-D8, DPI 

Byte Write Cycle DQ9-DQ16, DQP2 

Latched data-in 

H 

L 

L 

H 

L 

L 

X 

D9-D16, DP2 



NOTE: 1 . Registered inputs (Addresses, SWE, SCE, and SCE) must satisfy the specified setup and hold times around 
the rising edge of clock (CLK). Data-in must satisfy the specified setup and hold times for DLE. 

2. A transparent WRITE cycle is defined by DLE HIGH during the WRITE cycle. 

3. A latched WRITE cycle is defined by DLE transitioning LOW during the WRITE cycle and satisfying the 
specified setup and hold times. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc/ Vccq supply relative 


to Vss/Vssq -1.0V to +7.0V 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1.5W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc = 5.0 V ± 1 0%; Vss = Vssq, Unless Otherwise Noted) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

ma 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 

Supply Voltage 


Vcc 

4.5 

5.5 

V 

1 

Output Buffer Supply Voltage 

5.0V TTL Compatible 

Vccq 

4.5 

5.5 

V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

TYP 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

SCE < Vil; SCE > Vih; f = MAX; 

Vcc = MAX; Outputs Open 

Icc 

150 

300 

mA 

3 

Power Supply 

Current: Standby 

SCE < Vil; SCE > Vih; 

Vcc = MAX; f = MAX 

ISBI 

20 

50 

mA 


SCE > Vcc -0.2; SCE < Vss +0.2; 

Vcc = MAX; Vil < Vss +0.2; 

Vih > Vcc -0.2; f = 0 

ISB2 

8 

15 

mA 


f = 0, SCE < Vil; SCE < Vih; 

Vcc = MAX 

ISB3 

10 

25 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C,f = 1MHz 

Ci 


6 

pF 

4 

Input/Output Capacitance (D/Q) 

Vcc = 5V 

Co 


8 

PF 

4 
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SYNCHRONOUS SRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT58C1618 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = VccQ = 5V ± 1 0%) 


DESCRIPTION 


-15 

-17 

-20 

-25 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Clock | 

Clock cycle time 

>KC 

15 


17 


20 


25 


ns 


Clock high time 

l KH 

4 


4 


4 


4 


ns 


Clock low time 

l KL 

8 


8 


8 


8 


ns 


Chip Enable | 

SCE/SCE setup time 

'SCES 

2 


2 


2 


2 


ns 

10 

SC E/SC E hold time 

^CEH 

2 


2 


2 


2 


ns 

10 

Address | 

Address setup time 

<SAS 

2 


2 


2 


2 


ns 

10 

Address hold time 

{ SAH 

2 


2 


2 


2 


ns 

10 

READ Cycle | 

READ cycle time 

l RC 

15 


17 


20 


25 


ns 

11 

Clock to output valid 

<KQ 


15 


17 


20 


25 

ns 


Clock to output invalid 

l KQX 

3 


3 


3 


3 


ns 

10 

Clock to output in Low-Z 

>KQLZ 

10 


10 


10 


10 


ns 

6,7 

Clock to output in High-Z 

*KQHZ 

3 

8 

3 

8 

3 

8 

3 

12 

ns 

6,7 

SWE setup time 

*SWNS 

2 


2 


2 


2 


ns 

10 

SWE hold time 

•SWNH 

2 


2 


2 


2 


ns 

10 

OE to output valid 

•OEQ 


6 


7 


8 


10 

ns 


OE to output in Low-Z 

*OELZ 

0 


0 


0 


0 


ns 

6,7 

OE to output in High-Z 

*OEHZ 


8 


8 


8 


8 

ns 

6,7 

WRITE Cycle | 

WRITE cycle time 

{ \NC 

15 


17 


20 


25 


ns 

11 

SWE setup time 

'SWES 

2 


2 


2 


2 


ns 

10 

SWE hold time 

tSWEH 

2 


2 


2 


2 


ns 

10 

Data setup time 

>DS 

5 


6 


6 


7 


ns 

8, 10 

Data hold time 

<DH 

2 


2 


2 


2 


ns 

8, 10 

Data to DLE not setup time 

‘DLNS 

1 


1 


1 


1 


ns 

9, 10 

Data to DLE not hold time 

*DLNH 

3 


3 


3 


3 


ns 

9, 10 

DLE setup Lime 

^LS 

6 


6 


6 


/ 


ns 

y, 10 

DLE hold time 

*DLH 

2 


2 


2 


2 


ns 

9, 10 

WEL/WEH setup time 

tWES 

6 


6 


6 


7 


ns 

10 

WEL/WEH hold time 

*WEH 

2 


2 


2 


2 


ns 

10 

WEL/WEH not setup time 

M/NS 


0 


0 


0 


0 

ns 

10 

WEL/WEH not hold time 

*WNH 

2 


2 


2 


2 


ns 

10 
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ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT58C1618 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
255 


+5V 


480 

lOOpF 


V 



+5V 
S 480 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. Output loading is specified with CL = 5pF as in Fig. 2. 
Transition is measured ± 500mV from steady state 
voltage. 

7. At any given temperature and voltage condition, 
l KQHZ is less than tJCQLZ and tOEHZ is less than 
tOELZ. 


8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

9. A latched WRITE cycle is defined by DLE transition- 
ing LOW during the WRITE cycle and satisfying the 
specified setup and hold time with respect to the 
rising edge of clock (CLK). 

10. This is a synchronous device. All synchronous inputs 
must meet the setup and hold times with stable logic 
levels for all falling edges of address latch enable 
(ALE) and data latch enable (DLE). 

11. t RC = t WC = t KC 


5-17 


| SYNCHRONOUS SRAM 




SYNCHRONOUS SRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY, iNC. 


MT58C1618 


READ TIMING 2 


READ READ DISABLED READ CHIP DESELECT 



NOTE: 1 . When synchronous chip enables (SCE, SCE) are inactive, the part is deselected. 

2. WEL / WEH are Don’t Care signals during a READ cycle. 

3. Data out (Q) is disabled whenever asynchronous output enable (OE) is inactive, during a READ cycle. 
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MICRON 

■ TECHNOLOGY, INC. 


MT58C1618 


WRITE TIMING 


CLK 


SADDR 


SCE, SCE 

NOTE 3 


SWE 


tSAS 


LATCHED WRITE 

tKC 




t KH 

tKL 


l SAH 


ADn 


High-Z- 


l SWEH 

1 


DLE 


WEH, WEL 
NOTE 2 


*SAS 


ABORTED WRITE 


tSAH 



rr 


SCES 

i 

*sceh 


'A 


DATA n 


DLNH 

‘dls 


UNLATCHED WRITE I CHIP DESELECT 


*SAS^ 

JSAH 



;ad 

n+i^! 


NOTE 1 


'dlh i 


l SAH 


[ 

| 

:ad 

n+3^ 



4 ds 

Jdh 



' DATA i 

n+2 ) 


l SCNH 

— k 


'A 


High-Z- 


I DON’T CARE 
I UNDEFINED 


NOTE: 1 . Data is latched when DLE transitions from HIGH to LOW. When DLE is HIGH, the latch is transparent and 
data flows through the latch. 

2. Asynchronous write enables (WEH, WEL) are available for use as byte write enables at the system level. 
They are also available to perform a late WRITE cycle abort. 

3. When synchronous chip enables (SCE, SCE) are inactive, the part is deselected. 
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MT58C1618 


READ/WRITE TIMING 


SCE, SCE 


LATCHED WRITE , READ 


UNLATCHED WRITE 


I jsWN S i I Irwmh I *SWES I I l SWEH I ^SWIM S to. 


I *SWES l SWEH 


DLS | I DLH 


WEH, WEL 


{ WES U - L J ' WEH 




DYNAMIC RAMS 


DRAM MODULES 


MULTIPORT DRAMS 

STATIC RAMS 


SYNCHRONOUS SRAMS 

SRAM MODULES 


CACHE DATA SRAMS 
FIFO MEMORIES 


APPLICATION/TECHNICAL INFORMATION .. 
MILITARY INFORMATION 


PACKAGE INFORMATION 
SALES INFORMATION 





SRAM MODULE PRODUCT SELECTION GUIDE 


Memory 

Optional 

Part 

Access 

Package and No. of Pins 



Configuration 

Access Cycle 

Number 

Time (ns) 

DIP 

ZIP 

Process 

Page 

128K x 8 

CE&OE 

MT4S1288 

30, 35, 45 

32 

- 

CMOS 

6-1 

32Kx 16 

CE&OE 

MT2S3216 

30, 35, 45 

40 

- 

CMOS 

6-9 

64Kx 16 

CE & OE 

MT4S6416 

30, 35, 45 

40 

- 

CMOS 

6-17 

16K x 32 

CE&OE 

MT8S1632 

15, 20, 25, 30, 35, 45 

- 

64 

CMOS 

6-25 


CE&OE 

MT8S6432 

20, 25, 30, 35, 45 

- 

64 


6-33 

128K x 32 

CE&OE 

MT4S12832 

25, 35, 45 

- 

64 


6-41 

256K x 32 

CE&OE 

MT8S25632 

25, 35, 45 

- 

64 
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MICRON 

m TECHNOLOGY, INC. 


MT4S1288 


(REPLACES: MT85C8128) 

SRAM 128K x 8 SRAM 

MODULE 


FEATURES 

• High speed: 30ns, 35ns, and 45ns 

• High-performance, low-power CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• All inputs and outputs are TTL compatible 

• Pin compatible with monolithic 1 Meg SRAM 


MARKING 


OPTIONS 

• Timing 
30ns access 
35ns access 
45ns access 


Packages 

32-pin DIP (600 mil) D 

2V data retention L 

(Available in 45ns, CMOS decoder version only) 


GENERAL DESCRIPTION 



The MT4S1288 is a high-speed SRAM memory module 
containing 131,072 words organized in a x8-bit configura- 
tion. The module consists of four 32K x 8 fast static RAMs 
and a single decoder mounted on a 32-pin DIP, FR4 printed 
circuit board . Depending upon the speed of the module, the 
decoder will be either TTL (30ns and 35ns) or CMOS (45ns). 

The decoder interprets the higher order address bits (A15 
and A16) to select one of the four fast static RAMs. Data is 
written into the SRAM memory when both write enable 
(WE) and chip enable (CE) inputs are LOW. Reading is ac- 
complished when WE remains HIGH, and CE and output 


enable (OE) are LOW. CE sets the output in a high imped- 
ance state for additional system design flexibility, and 
memory expansion may be achieved through use of the 
OE and CE functions. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single +5V 
DC supply and all inputs and outputs are fully TTL compat- 
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 


MT4S1288 
REV. 1/91 


6-1 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 


| SRAM MODULE 




SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT4S1288 


(REPLACES: MT85C8128) 

FUNCTIONAL BLOCK DIAGRAM 


AO- 14 

DQ1-8 



A15 
A16 
CE 

U1-U4 = MT5C2568DJ 



TRUTH TABLE 


MODE 

m 


WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 
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MICRON 

■ TECHNOLOGY, INC. 


MT4S1288 


(REPLACES: MT85C8128) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


\\J o ^ / u _L iu/o; 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input High (Logic 1 ) Voltage 


VlH 

2.2 

Vcc+1 

Vcc+1 

V 


Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

A0-A14, WE, OE 

ILi 

-20 

20 

20 

pA 


A15, A16,CE 


600 

1.0 

pA 


Input/Output Leakage Current 

Output(s) Disabled, DQ1-DQ8 
0V < Vout < Vcc 

ILo 

-20 

20 

20 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 



V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 

0.4 

0.4 

0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Operating Current: 

TTL Input Levels 

CE < Vil; Vcc = MAX; 
f = MAX = 1/ t RC, 

Outputs Open 

Icc 


190 

180 

mA 

3 

Standby Current: 

TTL Input Levels 

CE > Vih, Vcc = MAX 
f = MAX = 1/ t RC, 

Outputs Open 

ISBI 


120 

100 

mA 


Standby Current: 

CMOS Input Levels 

CE > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


40 

20 

mA 



CAPACITANCE 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input Capacitance: 

A0-A14WE, & OE 

T a = 25°C; f = 1MHz 

Vcc = 5V 

Cn 


28 

28 

PF 

4 

Input Capacitance: 

A15, A16, & CE 

Cl2 


5 

4.5 

pF 

4 

Input/Output Capacitance: 
DQ1-DQ8 

Cio 


28 

28 

PF 

4 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT4S1288 


(REPLACES: MT85C8128) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = 5V ± 10%) 


DESCRIPTION 

SYM 

-30 

-35 

-45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

tRC 

30 


35 


45 


ns 


Address access time 

l AA 


30 


35 


45 

ns 


Chip Enable access time 

'ACE 


30 


35 


45 

ns 


Output hold from address change 

'OH 

5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

'LICE 

5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

'HZCE 


20 


20 


25 

ns 

6,7 

Chip Enable LOW to power-up time 

*PU 

0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

'PD 


30 


35 


45 

ns 


Output Enable access time 

>AOE 


10 


12 


15 

ns 


Output Enable LOW to output in Low-Z 

'LZOE 

0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

'HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

*WC 

25 


30 


35 


ns 


Chip Enable to end of write 

l cw 

25 


30 


30 


ns 


Audi ess Vaiid to end of write 

l AW 

18 


20 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


ns 


Write pulse width 

'WP 

25 


25 


30 


ns 


Data setup time 

'DS 

15 


15 


20 


ns 


Data hold time 

*DH 

0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

1ZWE 

0 


0 


0 


ns 

7 

Write Enable HIGH to output in High-Z 

*HZWE 


12 


15 


18 

ns 

6,7 
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MICRON 

m TECHNOLOGY, INC, 


MT4S1288 


(REPLACES: MT85C8128) 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 


d OUT ■ 


255 


4= 30 pF 


V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 


480 


J OUT - 


255 


-i- 5 pF 


V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TlZCE, TiZOE, and *HZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ±500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE, *HZWE is less than TZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All CEs held in their 
active state. 

10. Address valid prior to or coincident with latest 
occurring CE. 

11. The ouptut will be in the High-Z state if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 



DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


0.5 

2 

mA 


Vcc = 3v 



1.5 

3 

mA 


Chip Deselect to Data 
Retention Time 


>CDR 

0 


— 

ns 

4 

Operation Recovery Time 



'RC 



ns 

4, 10 


LOW Vcc DAT A-RETENTION WAVEFORM 


Vcc 


CE 


V IH- 

ViL- 


l CDR 


DATA-RETENTION MODE 


\ 4.5V 

A 

V DR 

4.5V 

/ 

\ 

V DR 

/ 


*R 



m 


DON’T CARE 
UNDEFINED 
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MICRON 

■ TECHNOLOGY, INC. 


MT2S3216 


(REPLACES: MT85C1632) 

SRAM 32Kx 16 SRAM 

MODULE 


FEATURES 

• High speed: 30ns, 35ns and 45ns 

• High-performance, low-power CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• Upper and Lower Byte Select 

• All inputs and outputs are TTL compatible 

OPTIONS MARKING 

• Timing 

30ns access -30 

35ns access -35 

45ns access -45 

• Packages 

40-pin DIP (600 mil) D 

• 2V data retention L 

(Available in 45ns, CMOS decoder versions only) 


GENERAL DESCRIPTION 

The MT2S3216 is a high-speed SRAM memory module 
containing 32,768 words organized in a xl 6-bit configura- 
tion. The module consists of two 32K x 8 fast static RAMs 
and a single decoder mounted on a 40-pin DIP, FR4 printed 
circuit board . Depending upon the speed of the module, the 
decoder will be either TTL (30ns and 35ns) or CMOS (45ns). 

Data is wr itten into the SRAM memory when both write 
enable (WE) and c hip enable (CE) inputs are LOW. Reading 
occurs when WE remains HIGH, and CE and output enable 
(OE) are LOW. LB and UB control the lower and upper byte 


PIN ASSIGNMENT (Top View) 

40-Pin DIP 

(K-2) 

*A15 C 

i 

40 

] Vcc 

CE [ 

2 

39 

3 WE 

DQ16C 

3 

38 

HUB 

DQ15C 

4 

37 

]LB 

DQ14[ 

5 

36 

]A14 

DQ13 [ 

6 

35 

]A13 

DQ12C 

7 

34 

]A12 

DQ1 1 [ 

8 

33 

]A11 

DQ10C 

9 

32 

:aio 

DQ9 [ 

10 

.31 

]A9 

Vss [ 

11 

30 

] Vss 

DQ8 [ 

12 

29 

] A8 

DQ7 [ 

13 

28 

:a7 

DQ6 [ 

14 

27 

] A6 

DQ5 [ 

15 

26 

:a5 

DQ4 [ 

16 

25 

]A4 

DQ3 [ 

17 

24 

D A3 

DQ2 [ 

18 

23 

DA2 

DQ1 [ 

19 

22 

DAI 

OEC 

20 

21 

:ao 

* Address A15 must be connected to Vss 


selection. CE sets the output in a high impedance state for 
additional system design flexibility, and memory expan- 
sion may be achieved through use of the CE functions. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single +5 V 
DC supply and all inputs and outputs are fully TTL compat- 
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 


MT2S3216 
REV. 1/91 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY. INC. 


MT2S3216 


(REPLACES: MT85C1632) 

FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


MODE 

m 

US 

LB 

m 

WE 

A15 

DQ OPERATION 

POWER 

STANDBY 

H 

X 

X 

X 

X 

L 

HIGH-Z 

STANDBY 

STANDBY 

L 

H 

H 

X 

X 

L 

HIGH-Z 

STANDBY 

READ: WORD 

L 

L 

L 

L 

H 

L 

Q (1-16) 

ACTIVE (x16) 

READ: LOWER BYTE 

L 

H 

L 

L 

H 

L 

0(1-8) 

ACTIVE (x8) 

READ: UPPER BYTE 

L 

L 

H 

L 

H 

L 

0(9-16) 

ACTIVE (x8) 

READ: WORD 

L 

L 

L 

H 

H 

L 

HIGH-Z 

ACTIVE (x16) 

READ: LOWER BYTE 

L 

H 

L 

H 

H 

L 

HIGH-Z 

ACTIVE (x8) 

READ: UPPER BYTE 

L 

L 

H 

H 

H 

L 

. - . i 

HIGH-Z 

ACTIVE (x8) 

WRITE: WORD 

L 

L 

L 

X 

L 

1 

L 

D (1-16) 

ACTIVE (x16) 

WRITE: LOWER BYTE 

L 

H 

L 

X 

L 

L 

D (1-8) 

ACTIVE (x8) 

WRITE: UPPER BYTE 

L 

L 

H 

X 

L 

L 

D (9-16) 

ACTIVE (x8) 
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MICRON 

I TECHNOLOGY. INC. 


MT2S3216 


(REPLACES: MT85C1632) 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect reli- 
ability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(0°U <I A < /CrU; VCC = 5.0V ± 10%) 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input High (Logic 1) Voltage 

A0-A14, WE, oe 

VlH 

2.2 

Vcc+1 

Vcc+1 

V 


A15, CE, LJB, LB 

VlH 

2.0 

Vcc+1 

Vcc+1 

V 


Input Low (Logic 0) Voltage 

A0-A14, WE, OE 

VlL 

-0.5 

0.8 

0.8 

V 

1,2 

A15, CE, UB, LB 

VlL 

-0.5 

0.8 

0.9 

V 

1,2 

Input Leakage Current 

OV < Vin < Vcc 

A0-A14, WE OE 

- 

1 

-10 

10 

10 

M-A 


A15, CE 


1200 

2.0 

pA 


UB, LB 


600 

1.0 

pA 


Input/Output Leakage Current 

Output(s) Disabled, DQ1-DQ16 
0V < Vout < Vcc 

ILo 

-5 

5 

5 

PA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 



V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

(xl 6) 

CE < Vil; Vcc = MAX 
f = MAX = 1 / t RC, 

Outputs Open 

Icc 


210 

200 

mA 

3 

(x8) 


140 

130 

Standby Current: 

TTL Input Levels 

CE > Vih; Vcc = MAX 
f = MAX =1/ t RC, 

Outputs Open 

ISBI 


70 

50 

mA 


Standby Current: 

CMOS Input Levels 

CE > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 

l 

35 

l 

15 

mA 



CAPACITANCE 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input Capacitance: 

A0-A1 4, WE, OE 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Cm 


14 

14 

PF 

4 

Input Capacitance: A15, CE 

Cl2 


10 

9 

pF 

4 

Input Capacitance: UB, LB 

Cl3 


5 

4.5 

PF 

4 

Input/Output Capacitance: DQ 

Cio 


7 

7 

PF 

4 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 
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SRAM MODULE 


TECHNOLOGY, INC. 


MT2S3216 


(REPLACES: MT85C1632) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 

SYM 

-30 

-35 

-45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

'RC 

30 


35 


45 


ns 


Address access time 

V\A 


30 


35 


45 

ns 


Chip Enable access time 

<ACE 


30 


35 


45 

ns 


Output hold from address change 

*OH 

5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

*LZCE 

5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

'HZCE 


20 


20 


25 

ns 

6, 7 

Chip Enable LOW to power-up time 

*PU 

0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

'PD 


30 


35 


45 

ns 


Output Enable access time 

x AOE 


10 


12 


15 

ns 


Output Enable LOW to output in Low-Z 

'LZOE 

0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

'HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

*wc 

25 


30 


35 


ns 


Chip Enable to end of write 

l cw 

25 


30 


30 


ns 


AdrlrPQc; yajirj tn or»/j of write 

‘AW 

18 


20 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


ns 


WRITE command pulse width 

'WP 

25 


25 


30 


ns 


Data setup time 

'DS 

15 


15 


20 


ns 


Data hold time 

l DH 

0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

'LZWE 

0 


0 


0 


ns 

7 

Write Enable HIGH to output in High-Z 

'HZWE 


12 


15 


18 

ns 

6,7 
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MICRON 

■ TECHNOLOGY, INC. 


MT2S3216 


AC TEST CONDITIONS 

Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. t HZCE and *HZWE are specified with CL - 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE, tHZWE is less than tLZWE. 


(REPLACES: MT85C1632) 


+5V +5V 



Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z state if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


n o t o D ntAnfinn C i irmnt 

UE > (Vcc -0.2V) Vcc = 2v 

\/,m (\/ nn n n \/\ 

ICCDR 


0.3 

1.0 

mA 


L/cud. neieimuii C/Uireni 

VIN d. (VCC “U.dV ) 

or < 0.2 V Vcc = 3v 



0.8 

1.6 

mA 


Chip Deselect to Data 
Retention Time 


'CDR 

0 


— 

ns 

4 

Operation Recovery Time 


l R 

'RC 



ns 

4 


LOW Vcc DATA-RETENTION WAVEFORM 



7/X DON’T CARE 
UNDEFINED 
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MICRON 

I TECHNOLOGY, INC. 


MT4S6416 


(REPLACES: MT85C1664) 

SRAM 64Kx 16 SRAM 

MODULE 


FEATURES 

• High speed: 30ns, 35ns and 45ns 

• High-performance, low-power, CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• Upper and Lower Byte Select 

• All inputs and outputs are TTL compatible 

OPTIONS MARKING 

• Timing 

30ns access -30 

35ns access -35 

45ns access -45 

• Packages 

40-pin DIP (600 mil) D 

• 2 V data retention L 

(Available in the 45ns, CMOS decoder version only) 


GENERAL DESCRIPTION 

The MT4S6416 is a high-speed SRAM memory module 
containing 65,536 words organized in a xl 6-bit configura- 
tion. The module consists of four 32K x 8 fast static RAMs 
and a single decoder mounted on a 40-pin DIP, double- 
sided FR4 printed circuit board. Depending upon the speed 
of the module, the decoder will be either TTL (30ns and 
35ns) or CMOS (45ns). 

The decoder interprets the higher order address bit (A15) 
to select two of the four fast static RAMs. Data is written into 
the SRAM memory when both write enable (WE) and chip 
enable (CE) inputs are LOW. Reading occurs when WE 
remains HIGH, and CE and output enable (OE) are LOW. 


PIN ASSIGNMENT (Top View) 

40-Pin DIP 

(K-3) 


A15 [ i k — ^ 

40 ] Vcc 

CE [ 2 

39 ] WE 

DQ16 [ 3 

38 ] UB 

DQ15 [ 4 

37 ] LB 

DQ14 [ s 

36 ] A14 

DQ13 [ e 

35 2 A13 

DQ12 [ 7 

34 ] A12 

DQ1 1 [ 8 

33 I] All 

DQ10 [ 9 

32 ] A10 

DQ9 [ io 

31 ] A9 

Vss [ ii 

30 2 Vss 

DQ8 [ 12 

29 ] A8 

DQ7 [ is 

28 ] A7 

DQ6 [ 14 

27 ] A6 

DQ5 C is 

26 ] A5 

DQ4 [ i6 

25 ] A4 

DQ3 [ 17 

24 ] A3 

DQ2 [ is 

23 2 A2 

DQ1 [ is 

22 2 A1 

OE [ 20 

21 ] A0 


LB and UB control the lower and upper byte selection. CE 
sets the output in a high-impedance state for additional 
system design flexibility, and memory expansion may be 
achieved through use of the OE function. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components can be powered from a single +5V 
DC supply and all inputs and outputs are fully TTL compat- 
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 


MT4S6416 
REV. 1/91 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT4S6416 


(REPLACES: MT85C1664) 

FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


MODE 

UE 

UB 

LB 

OE 

WE 

DQ OPERATION 

POWER 

STANDBY 

H 

X 

X 

X 

X 

HIGH-Z 

STANDBY 

STANDBY 

L 

H 

H 

X 

X 

HIGH-Z 

STANDBY 

READ: WORD 

L 

L 

L 

L 

H 

0(1-16) 

ACTIVE (x16) 

READ: LOWER BYTE 

L 

H 

L 

L 

H 

0(1-8) 

ACTIVE (x8) 

READ: UPPER BYTE 

L 

L 

H 

L 

H 

Q (9-16) 

ACTIVE (x8) 

READ: WORD 

L 

L 

L 

H 

H 

HIGH-Z 

ACTIVE (x16) 

READ: LOWER BYTE 

L 

H 

L 

H 

H 

HIGH-Z 

ACTIVE (x8) 

READ: UPPER BYTE 

L 

L 

H 

H 

H 

HIGH-Z 

ACTIVE (x8) 

WRITE: WORD 

L 

L 

L 

X 

L 

D (1-16) 

ACTIVE (x16) 

WRITE: LOWER BYTE 

L 

H 

L 

X 

L 

D (1-8) 

ACTIVE (x8) 

WRITE: UPPER BYTE 

L 

L 

H 

X 

L 

D (9-1 6) 

ACTIVE (x8) 
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MICRON 

W TECHNOLOGY, INC. 


MT4S6416 


(REPLACES: MT85C1664) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 4W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


A0-A14, WE, OE 

VlH 

2.2 

Vcc+1 

Vcc+1 

V 


A15, CE, UB, LB 

VlH 

2.0 

Vcc+1 

Vcc+1 

V 


Input Low (Logic 0) Voltage 


A0-A14, WE, OE 

VlL 

-0.5 

0.8 

0.8 

V 

1,2 

A15, CE, UB, LB 

VlL 

-0.5 

0.8 

1.3 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

A0-A14 

A15, CE 

ILi 

-40 

40 

40 

pA 



1200 

1.0 

pA 


UB, LB 


600 

1.0 

P A 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-20 

20 

20 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 



V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

(x16) 

CE < Vil, Vcc = MAX 
f = MAX=1/ t RC, 
Outputs Open 

Icc 


210 

250 

mA 

3 

(x8) 


105 

150 

Standby Current: 

TTL Input Levels 

CE > Vih, Vcc = MAX 
f = MAX^I/tRC, 
Outputs Open 

ISBI 


120 

100 

mA 


Standby Current: 

CMOS Input Levels 

CE > Vcc -0.2, Vcc = MAX 
Vil < Vss +0.2, 

Vih > Vcc -0.2, f = 0 

ISB2 


40 

20 

mA 



CAPACITANCE 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-30, -35 

-45 

UNITS 

NOTES 

Input Capacitance: 

A0-A14, WE, OE 

T =25°C;f = 1MHz 
Vcc=5V 

Cm 


32 

16 

PF 

4 

Input Capacitance: A15, CE 

Cl2 


10 

9 

pF 

4 

Input Capacitance: UB, LB 

Cl3 


5 

4.5 

PF 

4 

Input/Output Capacitance: DQ 

Cio 


16 

16 

[_PF_ 

4 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT4S6416 


(REPLACES: MT85C1664) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = 5V ± 10%) 


DESCRIPTION 

SYM 



-30 

-35 

- 45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

’RC 

30 


35 


45 


ns 


Address access time 

'AA 


30 


35 


45 

ns 


Chip Enable access time 

*ACE 


30 


35 


45 

ns 


Output hold from address change 

•oh 

5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

•lzce 

5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

tHZCE 


20 


20 


25 

ns 

6,7 

Chip Enable LOW to power-up time 

l PU 

0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

'PD 


30 


35 


45 

ns 


Output Enable access time 

l AOE 


20 


20 


25 

ns 


Output Enable LOW to output in Low-Z 

l LZOE 

0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

t HZOE 


20 


20 


30 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

30 


35 


45 


ns 


Chip Enable to end of write 

•cw 

25 


30 


30 


ns 


Address valid to end of write 

l AW 

25 


25 


30 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Address hold from end of write 

•ah 

2 


2 


2 


ns 


Write command pulse width 

'\NP 

25 


25 


30 


ns 


Data setup time 

•ds 

15 


15 


18 


ns 


Data hold time 

t DH 

0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

1ZWE 

0 


0 


0 


ns 

7 

Write Enable HIGH to output in High-Z 

*HZWE 


20 


15 


15 

ns 

6,7 
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MICRON 

i TECHNOLOGY, INC. 


MT4S6416 


(REPLACES: MT85C1664) 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V +5V 

d out — 

255 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


480 
: 30 pF 


J OUT - 


255 


| 480 
5 pF 


1—7 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. TiZCE, hTZOE and TiZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ±500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
*HZCE and TiZWE are less than tLZCE and ^ZWE 
respectively. 


DaVa RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 



0.5 

2 

mA 


Vcc = 3v 



1.5 

3 

mA 


Chip Deselect to Data 
Retention Time 


*CDR 

0 


— 

ns 

4 

Operation Recovery Time 


l R 

*RC 



ns 

4 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z sta te if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 


LOW Vcc DATA-RETENTION WAVEFORM 



UNDEFINED 
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MICRON 

B TECHNOLOGY, INC. 


MT8S1632 


(REPLACES: MT85C3216) 

SRAM 16Kx 32 SRAM 

MODULE 


FEATURES 

• High speed: 15ns, 20ns, 25ns, 30ns, 35ns and 45ns 

• High-performance, low-power, CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE and OE functions 

• Low profile (.50 inches MAX height) 

• All inputs and outputs are TTL compatible 

• Industry standard pinout 

• Pin compatible with 64K x 32, 128K x 32 and 256K x 32 
modules 


OPTIONS 

MARKING 

• Timing 

15ns access 

-15 

20ns access 

-20 

25ns access 

-25 

30ns access 

-30 

35ns access 

-35 

45ns access 

-45 

• Packages 

64-pin ZIP 

Z 


• 2V data retention L 


GENERAL DESCRIPTION 

The MT8S1632 is a high-speed SRAM memory module 
containing 16,384 words organized in a x32-bit configura- 
tion. The module consists of eight 16K x 4 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into to the SRAM memory when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
Reading is accomplished when WE remains HIGH and CE 
and output enable (OE) are LOW. CE can set the output in 
a high-impedance state for additional flexibility in system 
design, and memory expansion is accomplished by use of 
the OE function. 


PIN ASSIGNMENT (Top View) 

64-Pin ZIP 


(J-i) 



1 

d Vss 

PDO d 

2 3 

d PD1 

DQ1 d 

4 5 

d DQ9 

DQ2 d 

6 7 

d DQ10 

DQ3 d 

8 9 

d DQ11 

DQ4 d 

10 u 

d DQ12 

Vcc d 

12 13 

d A0 

A7 d 

15 

d A1 

A8 d 

16 17 

d A2 

A9 d 

18 19 

d DQ13 

DQ5 d 

20 21 

d DQ14 

DQ6 1 — 

22 23 

d DQ15 

DQ7 d 

24 25 

d DQ16 

DQ8 d 

26 27 

d Vss 

WE d 

28 29 

d NC 

NC d 

30 31 

d CE2 

CE1 d 

32 



33 

d CE4 

CE3 d 

34 35 

— 1 NC 

NC d 

36 37 

d OE 

Vss d 

38 39 

d DQ25 

DQ17 d 

40 41 

— 1 DQ26 

DQ18 d 

42 43 

d DQ27 

DQ19 d 

44 45 

— 1 DQ28 

DQ20 d 

48 47 

— 1 A3 

A10 d 

48 49 

— 1 A4 

All d 

50 51 

— 1 A5 

A12 d 

52 53 

— 1 Vcc 

A13 d 

5 4 55 

— 1 A6 

DQ21 d 

56 57 

d DQ29 

DQ22 d 

58 59 

d DQ30 

DQ23 d 

60 61 

— 1 DQ31 

DQ24 d 

62 63 

— 1 DQ32 

Vss d 

64 



PDO and PD1 identify the module's density, allowing 
interchangeable use of alternate-density, industry stan- 
dard modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4), are used to enable the module's 4 bytes independ- 
ently. 

The Micron SRAM family uses a high-speed, low-power 
CMOS design in a four-transistor memory cell featuring 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single 
+5VDC supply and all inputs and outputs are fully TTL 
compatible. The "L" option offers reduced-voltage opera- 
tion for systems with low standby power requirements. 


MT8S1632 
REV. 1/91 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC, 


MT8S1632 


(REPLACES: MT85C3216) 


FUNCTIONAL BLOCK DIAGRAM 



U1-U8 = MT5C6405DJ 


PRESENCE DETECT 

PDO = Vss 

PD1 = No Connect 


TRUTH TABLE 


MODE 

m 

m 

WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 
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MICRON 

B TECHNOLOGY, INC. 


MT8S1632 


(REPLACES: MT85C3216) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 8 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-40 

40 

HA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-5 

5 

HA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-15 

-20 

-25 

-30, -35, -45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

CE < Vil, Vcc = MAX 
f = MAX = 1 / tRC, 
Outputs Open 

Icc 

1040 

960 

880 

800 

mA 

3 

Standby Current: 

TTL Input Levels 

CE > Vih, Vcc = MAX 
f = MAX = 1/ l RC, 
Outputs Open 

ISBI 

400 

320 

240 

240 

mA 


Power Supply 

Current: Standby 

CE > Vcc -0.2, Vcc = MAX 
Vil < Vss +0.2, 

Vih > Vcc -0.2, f = 0 

ISB2 

40 

40 

40 

40 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-AI 3, WE, CE, OE 

T A = 25°C;f = 1MHz 
Vcc = 5V 

Ci 


70 

PF 

4 

Input/Output Capacitance: DQ1-DQ32 

Ci/o 


15 

PF 

4 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT8S1632 


(REPLACES: MT85C3216) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T a < 70°C; Vcc = 5V ± 10%) 


DESCRIPTION 


-15 

-20 

-25 

-30 

-35 

-45 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle 

READ cycle time 

•rc 

15 


20 


25 


30 


35 


45 


ns 


Address access time 

•aa 


15 


20 


25 


30 


35 


45 

ns 


Chip Enable access time 

•ace 


12, 


15 


20 


25 


30 


40 

ns 


Output hold from address change 

'OH 

3 


3 


3 


3 


3 


3 


ns 


Chip Enable LOW to output in Low-Z 

'LZCE 

3 


5 


5 


5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

*HZCE 


7 


10 


10 


15 


20 


20 

ns 

6,7 

Chip Enable LOW to power-up time 

tpu 

0 


0 


0 


0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

l PD 


15 


20 


25 


30 


35 


45 

ns 


Output Enable access time 

V\OE 


7 


9 


10 


15 


20 


20 

ns 


Output Enable LOW to output in Low-Z 

'LZOE 

0 


0 


0 


0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

'HZOE 


6 


10 


10 


15 


20 


20 

ns 

6 

WRITE Cycle 

WRITE cycle time 

twc 

15 


20 


25 


30 


35 


45 


ns 


Chip Enable to end of write 

*cw 

12 


15 


20 


25 


25 


30 


ns 


Address valid to end of write 

*AW 

12 


15 


20 


25 


25 


30 


ns 


Address setup time 

X AS 

0 


0 


0 


0 


0 


0 


ns 


Address hold from end of write 

V\H 

0 


0 


0 


0 


0 


0 


ns 


Write command pulse width 

‘WP 

12 


15 


20 


25 


25 


30 


ns 


Data setup time 

'DS 

8 


10 


10 


15 


15 


20 


ns 


Data hold time 

•DH 

0 


0 


0 


0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

•lzwe 

2 


2 


2 


2 


2 


2 


ns 

7 

Write Enable HIGH to output in High-Z 

•hzwe 


6 


8 


10 


12 


15 


20 

ns 

6,7 
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MICRON 

■ TECHNOLOGY, INC. 


MT8S1632 


(REPLACES: MT85C3216) 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 




Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE, tHZOE and TiZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ±500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
*HZCE is less than tLZCE, and TiZWE is less than 
tLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z state if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

Vcc for Retention Data 


Vdr 

2 

— 

V 



UE> (Vcc -0.2V) Vcc = 2 v 

ICCDR 


0.8 

4 

mA 

Data Retention Current 

VlN > (VCC -0.2V) 

or < 0.2 V Vcc = 3v 



2.8 

6 

mA 

Chip Deselect to Data 
Retention Time 


*CDR 

0 


— 

ns 

Operation Recovery Time 


l R 

*RC 



ns 


LOW Vcc DATA-RETENTION WAVEFORM 


DATA-RETENTION MODE 



DON’T CARE 


UNDEFINED 
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|U||CZRON MT8S6432 

■ TECHNOLOGY, INC. 


(REPLACES: MT85C3264) 

SRAM 64K x 32 SRAM 

MODULE 


FEATURES 

• Industry compatible pinout 

• High speed: 20ns, 25ns, 30ns, 35ns and 45ns 

• High-performance, low-power, CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• Low profile (.50 inches MAX height) 

• All inputs and outputs are TTL compatible 


OPTIONS 

• Timing 
20ns access 
25ns access 
30ns access 
35ns access 
45ns access 


MARKING 

-20 

-25 

-30 

-35 

-45 


• Packages 

64-pin ZIP Z 

• 2V data retention L 


GENERAL DESCRIPTION 



The MT8S6432 is a high-speed SRAM memory module 
containing 65,536 words organized in a x32-bit configuration. 
The module consists of eight 64K x 4 fast static RAMs mounted 
on a 64-pin ZIP, double-sided, FR4 printed circuit board. 

Data is written into to the SRAM memory when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
Reading is accomplished when WE remains HIGH and CE and 
output enable (OE) are LOW. CE can set the output in a high- 
impedance state for additional flexibility in system design, 
and memory expansion is accomplished by use of the OE 
function. 

PD0 and PD1 identify the module's density allowing inter- 


changeable use of alternate density, industry-standard 
modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen- 
dently. 

The Micron SRAM family uses a high-speed, low- 
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TTL compatible. The "L" option offers reduced- 
voltage operation for systems with low standby power 
requirements. 


MT8S6432 
REV. 1/91 
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SRAM MODULE 


MICRON 

■ TECHNOLOGY, INC. 


MT8S6432 


FUNCTIONAL BLOCK DIAGRAM 



DQ1-DQ32 

AO-15 

WE 

OE 


CE1 


CE2 


CE3 


CE4 



U1-U8 = MT5C2565DJ 

PRESENCE DETECT 
PDO = No Connect 
PD1 = Vss 


TRUTH TABLE 


MODE 

m 

EE 

WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 


(REPLACES: MT85C3264) 
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MICRON 

■ TECHNOLOGY, INC. 


MT8S6432 


(REPLACES: MT85C3264) 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under " Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-40 

40 

uA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-20 

-25, -30 

-35, -45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

CE < Vil, Vc c = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

Icc 

840 

760 

720 

mA 

3 

Standby Current: 

TTL Input Levels 

CE > Vih, Vcc = MAX 
f = MAX = 1/ t RC, 
Outputs Open 

ISBI 

240 

200 

200 

mA 


Power Supply 

Current: Standby 

CE > Vcc -0.2, Vcc = MAX 
Vil < Vss +0.2, 

Vih > Vcc -0.2, f = 0 

ISB2 

40 

40 

56 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-A13, WE, CE, OE 

T A = 25°C;f = 1MHz 
Vcc = 5V 

Ci 


72 

PF 

4 

Input/Output Capacitance: DQ1-DQ32 

Ci/o 


15 

pF 

4 
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SRAM MODULE 


(UIICROIM MT8S6432 

■ TECHNOLOGY, INC. 


(REPLACES: MT85C3264) 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 

SYIVI 

-20 

-25 

-30 

-40 

-45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

'RC 

20 


25 


30 


35 


45 


ns 


Address access time 

•aa 


20 


25 


30 


35 


45 

ns 

■ 

Chip Enable access time 

•ace 


20 


25 


30 


35 


45 

ns 


Output hold from address change 

•oh 

3 


5 


5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

•lzce 

6 


6 


6 


6 


6 


ns 

7 

Chip Enable to output in High-Z 

•hzce 


9 


9 


12 


15 


18 

ns 

6, 7 

Chip Enable LOW to power-up time 

•pu 

0 


0 


0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

•PD 


20 


25 


30 


35 


45 

ns 


Output Enable access time 

•AOE 


8 


8 


10 


12 


15 

ns 


Output Enable LOW to output in Low-Z 

•lzoe 

2 


2 


2 


2 


2 


ns 


Output Enable HIGH to output in High-Z 

•hzoe 


7 


7 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

•wc 

20 


20 


25 


30 


35 


ns 


Chip Enable to end of write 

l cw 

15 


15 


18 


20 


25 



ns 


Address valid to end of write 

*AW 

15 


15 


18 


20 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


0 


0 


ns 


Address hold from end of write 

'AH 

0 


0 


0 


0 


0 


ns 


Write pulse width 

'\NP 

15 


15 


18 


20 


25 


ns 


Data setup time 

•ds 

10 


10 


12 


15 


20 


ns 


Data hold time 

•dh 

0 


0 


0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

1ZWE 

5 


5 


5 


5 


5 


ns 

7 

Write Enable HIGH to output in High-Z 

•HZWE 

0 

10 

0 

10 

0 

10 

0 

12 

0 

15 

ns 

6,7 
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MICRON 

■ TECHNOLOGY, INC. 


MT8S6432 


(REPLACES: MT85C3264) 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1 .5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


d out — 

255 


+5V 
5 480 

"3=30 pF 

V 


+5V 




480 
5 pF 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. hTZCE, ‘HZOE and TiZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
*HZCE and TiZOE are less than k LZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z sta te if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 



DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2 v 

ICCDR 


0.8 

4 

mA 


Vcc = 3v 



3 

6 

mA 


Chip Deselect to Data 
Retention Time 


‘CDR 

0 


— 

ns 

4 

Operation Recovery Time 


l R 

'RC 



ns 

4 


LOW Vcc DATA-RETENTION WAVEFORM 


Vcc 


CE 


V|H- 

V IL- 


l CDR 


DATA-RETENTION MODE 


N 4.5V 


V DR 


4.5 V/ 



m 

es 


DON’T CARE 
UNDEFINED 
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WRITE CYCLE NO. 1 

(Write Enable Controlled) 11 - 12 


MT8S6432 


(REPLACES: MT85C3264) 





WRITE CYCLE NO. 2 

(Chip Enable Controlled) 11 ’ 12 






DON’T CARE 
UNDEFINED 
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MICRON 

I TECHNOLOGY, INC. 


MT4S12832 


SRAM 128Kx 32 SRAM 

MODULE 


FEATURES 

• Industry compatible pinout 

• High speed: 25ns, 35ns and 45ns 

• High-density 512KB design 

• High-performance, low-power, CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• Low profile (.600 inches MAX height) 

• All inputs and outputs are TTL compatible 


OPTIONS MARKING 

• Timing 

25ns access -25 

35ns access -35 

45ns access -45 

• Packages 

64-pin ZIP Z 

• Optional, 2V data retention L 


GENERAL DESCRIPTION 

The MT4S12832 is a high-speed SRAM memory module 
containing 131,072 words organized in a x32-bit configura- 
tion. The module consists of four 128K x 8 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into the SRAM memory when write enable 

(WE) and chip enable (CE) inputs are both LOW. Reading is 
accomplished when WE remains HIGH and CE and output 
enable (OE) are LOW. CE can set the output in a high-im- 
pedance state for additional flexibility in system design. 
Memory expansion is accomplished by use of the OE function. 

PDO and PD1 identify the module's density allowing inter- 


PIN ASSIGNMENT (Top View) 

64-Pin ZIP 

PDO d 

(J-2) 

2 3 

d Vss 
d PD1 

DQ1 d 

4 

5 

d DQ9 

DQ2 Id 

6 

7 

d DQ10 

DQ3 Id 

8 

9 

d DQ1 1 

DQ4 Id 

10 

11 

d DQ12 

Vcc Id 

12 

13 

d A0 

A7 Id 

14 

15 

d A1 

A8 d 

16 

17 

d A2 

A9 d 

18 

19 

d DQ13 

DQ5 d 

20 

21 

d DQ14 

DQ6 d 

22 

23 

d DQ15 

DQ7 d 

24 

25 

d DQ16 

DQ8 d 

26 

27 

d Vss 

WE d 

28 

29 

d A15 

A14 d 

30 

31 

d OE2 

CE1 d 

32 

33 

d CE4 

CE3 d 

34 

35 

d NC 

A16 d 

36 

37 

d OE 

Vss d 

38 

39 

d DQ25 

DQ17 d 

40 

41 

d DQ26 

DQ18 d 

42 

43 

— 1 DQ27 

DQ19 d 

44 

45 

— 1 DQ28 

DQ20 d 

46 

47 

— 1 A3 

A10 d 

48 

49 

— 1 A4 

All d 

50 

51 

d A5 

A12 d 

52 

53 

— 1 Vcc 

A13 d 

54 

55 

d A6 

DQ21 d 

56 

57 

— 1 DQ29 

DQ22 d 

58 

59 

d DQ30 

DQ23 d 

60 

61 

d DQ31 

DQ24 [ d 

62 

63 

d DQ32 

Vss d 

64 


changeable use of alternate density, industry-standard 
modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen- 
dently. 

The Micron SRAM family uses a high-speed, low- 
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TTL compatible. The "L" option offers reduced- 
voltage operation for systems with low standby power 
requirements. 


MT4S12832 
REV. 1/91 
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SRAM MODULE 


MT4S12832 


MICRON 

■ TECHNOLOGY, INC. 


FUNCTIONAL BLOCK DIAGRAM 




U1-U4 = MT5C1008 

PRESENCE DETECT 
PDO = No Connect 
PD1 = No Connect 


TRUTH TABLE 


MODE 

m 


WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 
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MT4S12832 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 4W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1 ) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-20 

20 

HA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-20 

20 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 



MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-25 

-35 

-45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

CE < Vil, Vcc = MAX 
f = MAX = 1/tRC, 
Outputs Open 

Icc 

480 

480 

480 

mA 

3 

Standby Current: 

TTL Input Levels 

CE > Vih, Vcc = MAX 
f = MAX= 1/‘RC, 
Outputs Open 

ISBI 

100 

100 

100 

mA 


Standby Current: 
CMOS Input Levels 

CE > Vcc - 0.2, Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2, f = 0 

ISB2 

28 

28 

28 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: Ao-A13, WE, OE 

T A = 25°C;f = 1MHz 
Vcc = 5V 

Ci 


32 

PF 

4 

Input/Output Capacitance: DQ1-DQ32 

Ci/o 


8 

PF 

4 
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MT4S12832 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


DESCRIPTION 

SYM 

-25 

-35 

-45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

*RC 

25 


35 


45 


ns 


Address access time 

*AA 


25 


35 


45 

ns 


Chip Enable access time 

•ACE 


25 


35 


45 

ns 


Output hold from address change 

*OH 

5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

1ZCE 

5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

l HZCE 


10 


15 


18 

ns 

6,7 

Chip Enable LOW to power-up time 

•PU 

0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

l PD 


25 


35 


45 

ns 


Output Enable access time 

>AOE 


8 


12 


15 

ns 


Output Enable LOW to output in Low-Z 

‘LZOE 

0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

'HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

*wc 

__ 

25 


35 


45 


ns 


Chip Enable to end of write 

<cw 

15 


20 


25 


ns 


Address valid to end of writo 

AW 

15 


2U 


25 


ns 


Address setup time 

'AS 

0 


0 




0 


ns 


Address hold from end of write 

l AH 

0 


0 


0 


ns 


Write command pulse width 

*WP 

15 


20 


25 


ns 


Data setup time 

l DS 

10 


15 


20 


ns 


Data hold time 

‘DH 

0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

’LZWE 

0 


0 


0 


ns 

7 

Write Enable HIGH to output in High-Z 

'HZWE 


10 


15 


18 

ns 

6,7 
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MT4S12832 


AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V +5V 

D OUT — 

255 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


480 
30 pF 


^OUT - 


255 


S 480 

Uj 5pF 


i-, 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. ^HZCE, t HZOE and TdZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
t HZCE and TiZOE are less than hLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z state if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


0.4 

2 

mA 


Vcc = 3v 



1.4 

3 

mA 


Chip Deselect to Data 
Retention Time 


*CDR 

0 


— 

ns 

4 

Operation Recovery Time 


*R 

*RC 



ns 

4 


LOW Vcc DATA-RETENTION WAVEFORM 


Vcc 


CE 




tCDR 


DATA-RETENTION MODE 


^ 4.5V 

V 

V DR 

4.5V. t 
? 

\ 

V DR 

/ 


*R 



DON’T CARE 
UNDEFINED 
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SRAM 256K x 32 SRAM 

MODULE 


FEATURES 

• Industry compatible pinout 

• High speed: 25ns, 35ns and 45ns 

• High-density 1MB design 

• High-performance, low-power, CMOS process 

• Single +5V (±10%) power supply 

• Easy memory expansion with CE function 

• Low profile (.600 inches MAX height) 

• All inputs and outputs are TTL compatible 


OPTIONS 

• Timing 
25ns access 
35ns access 
45ns access 

• Packages 
64-pin ZIP 


MARKING 

-25 

-35 

-45 


Z 


• Optional, 2V data retention L 


GENERAL DESCRIPTION 

The MT8S25632 is a high-speed SRAM memory module 
containing 262,144 words organized in a x32-bit configura- 
tion. The module consists of eight 256K x 4 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into the SRAM memory when write enable 
(WE) and chip enabl e (C E) inputs are both LOW. Reading is 
accomplished when WE remains HIGH and CE and output 
enable (OE) are LOW. CE can set the output in a high imped- 
ance state for additional flexibility in system design, and 
memory expansion is accomplished by use of the OE and CE 
functions. 

PDO and PD1 identify the module's density allowing inter- 


PIN ASSIGNMENT (Top View) 

64-Pin ZIP 


(J-3) 



1 

dl Vss 

pdo d 

2 3 

dl PD1 

dqi d 

4 5 

dl DQ9 

DQ2 d 

6 7 

dl DQ10 

DQ3 d 

8 9 

dl DQ1 1 

DQ4 d 

10 u 

d DQI 2 

Vcc d 

12 13 

d] A0 

A7 d 

I 4 15 

ZD A1 

A8 d 

16 17 

dl A2 

A9 d 

18 19 

dl DQI 3 

DQ5 d 

20 21 

dl DQI 4 

DQ6 d 

22 23 

dl DQI 5 

DQ7 d 

24 25 

dl DQI 6 

DQ8 d 

26 27 

dl Vss 

WE d 

28 29 

dl A15 

A14 d 

30 31 

dl CE2 

CE1 d 

32 



33 

— 1 CE4 

CE3 d 

34 35 

dl A17 

A16 d 

36 37 

ZD OE 

Vss d 

38 39 

— 1 DQ25 

DQI 7 d 

40 41 

— 1 DQ26 

DQI 8 d 

42 43 

dl DQ27 

DQI 9 d 

44 45 

— 1 DQ28 

DQ20 d 

46 47 

ZD A3 

A10 d 

48 49 

— 1 A4 

All d 

50 51 

— 1 A5 

A12 d 

52 53 

— 1 Vcc 

A13 d 

54 55 

— 1 A6 

DQ21 Id 

56 57 

— 1 DQ29 

DQ22 Id 

58 59 

ZD DQ30 

DQ23 d 

60 61 

— 1 DQ31 

DQ24 d 

62 63 

— 1 DQ32 

Vss d 

64 



changeable use of alternate density, industry-standard 
modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen- 
dently. 

The Micron SRAM family uses a high-speed, low- 
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TTL compatible. The "L" option offers reduced- 
voltage operation for systems with low standby power 
requirements. 


MT8S25632 
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MT8S25632 


FUNCTIONAL BLOCK DIAGRAM 



PRESENCE DETECT 
PDO = Vss 
PD1 = Vss 


TRUTH TABLE 


MODE 

<5E 

CE 

WE 

DQ 

POWER 

STANDBY 

X 

H 

X 

HIGH-Z 

STANDBY 

READ 

L 

L 

H 

Q 

ACTIVE 

READ 

H 

L 

H 

HIGH-Z 

ACTIVE 

WRITE 

X 

L 

L 

D 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input High (Logic 1) Voltage 


VlH 

2.2 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage 


VlL 

-0.5 

0.8 

V 

1,2 

Input Leakage Current 

0V < Vin < Vcc 

ILi 

-5 

5 

pA 


Input/Output Leakage Current 

Output(s) Disabled, DQ1-DQ32 

0V < Vout < Vcc 

ILo 

-5 

5 

pA 


Output High Voltage 

Ioh = -4.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


! 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

-25 

-35 

-45 

UNITS 

NOTES 

Operating Current: 
TTL Input Levels 

CE < Vil; Vcc = MAX 
f = MAX = 1/ t RC; 
Outputs Open 

Icc 

960 

960 

960 

mA 

3 

Standby Current: 

TTL Input Levels 

CE > Vih; Vcc = MAX 
f = MAX = 1/ t RC; 
Outputs Open 

ISBI 

200 

200 

200 

mA 


Standby Current: 
CMOS Input Levels 

CE > Vcc -0.2; Vcc = MAX 
Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 

56 

56 

56 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance; A0-A1 7, WE, OE 

T A = 25°C; f = 1MHz 
Vcc = 5V 

Cn 


64 

PF 

4 

Input Capacitance; CE1 -CE4 

Cl2 


16 

pF 

4 

Input/Output Capacitance: DQ1-DQ32 

Ci/o 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (0°C < T a < 70°C; Vcc = 5V ± 10%) 


DESCRIPTION 

SYM 

-25 

-35 

-45 

UNITS 

NOTES 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

READ Cycle 

READ cycle time 

‘RC 

25 


35 


45 


ns 


Address access time 

>AA 


25 


35 


45 

ns 


Chip Enable access time 

*ACE 


25 


35 


45 

ns 


Output hold from address change 

>OH 

5 


5 


5 


ns 


Chip Enable LOW to output in Low-Z 

1ZCE 

5 


5 


5 


ns 

7 

Chip Enable to output in High-Z 

t HZCE 


10 


15 


18 

ns 

6, 7 

Chip Enable LOW to power-up time 

X PU 

0 


0 


0 


ns 


Chip Enable HIGH to power-down time 

•PD 


25 


35 


45 

ns 


Output Enable access time 

<AOE 


8 


12 


15 

ns 


Output Enable LOW to output in Low-Z 

'LZOE 

0 


0 


0 


ns 


Output Enable HIGH to output in High-Z 

‘HZOE 


10 


12 


15 

ns 

6 

WRITE Cycle 

WRITE cycle time 

M/C 

25 


35 


45 


ns 


Chip Enable to end of write 

‘cw 

15 


20 


25 


ns 


Address valid to end of write 

l AW 

15 


20 

25 


ns 


Address setup time 

•AS 

0 


0 


0 


ns 


Address hold from end of write 

‘AH 

0 


0 


0 


ns 


Write pulse width 

'WP 

15 


20 


25 


ns 


Data setup time 

‘DS 

10 


15 


20 


ns 


Data hold time 

‘DH 

0 


0 


0 


ns 


Write Enable LOW to output in Low-Z 

1ZWE 

0 


0 


0 


ns 

7 

Write Enable HIGH to output in High-Z 

‘HZWE 


10 


15 


18 

ns 

6, 7 
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AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

5ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 


480 


J OUT - 


255 


=4=30 pF 


V 


+5V 


u OUT - 


255 


=f5pF 


V 


Fig. 1 OUTPUT LOAD Fig. 2 OUTPUT LOAD 
EQUIVALENT EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Test conditions as specified with the output loading 
as shown in Fig. 1 unless otherwise noted. 

6. tHZCE and t HZWE are specified with CL = 5pF as in 
Fig. 2. Transition is measured ± 500mV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
•HZCE is less than ‘LZCE and t HZWE is less than 
tLZWE. 


8. WE is HIGH for READ cycle. 

9. Device is continuously selected. All chip enables held 
in their active state. 

10. Address valid prior to or coincident with latest 
occurring chip enable. 

11. The ouptut will be in the High-Z state if OE is High. 

12. The first falling edge of either CE or WE will initiate a 
WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 


DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

NOTES 

Vcc for Retention Data 


Vdr 

2 


— 

V 


Data Retention Current 

CE > (Vcc -0.2V) 
Vin > (Vcc -0.2V) 
or < 0.2V 

Vcc = 2v 

ICCDR 


0.8 

4 

mA 


Vcc = 3v 



2.8 

6 

mA 


Chip Deselect to Data 
Retention Time 


'CDR 

0 


— 

ns 

4 

Operation Recovery Time 


X R 

*RC 



ns 

4 


LOW Vcc DATA-RETENTION WAVEFORM 


Vcc 


CE 


V|H- 

V IL- 



DATA-RETENTION MODE 


V 4.5 V 

cc 

> D 

4.5V / 

V 

\ 

V DR 

/ 



m 


DON’T CARE 
UNDEFINED 
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DYNAMIC RAMS 

DRAM MODULES 

MULTIPORT DRAMS 

STATIC RAMS 

SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 

APPLICATION/TECHNICAL INFORMATION . 

MILITARY INFORMATION 

PACKAGE INFORMATION 

SALES INFORMATION 






CACHE DATA SRAM PRODUCT SELECTION GUIDE 


Memory 

Control 

Part 

Access 

Package 



Configuration 

Functions 

Number 

Time (ns) 

PLCC 

PQFP 

Process 

Page 

Dual 4K x 16 

or 

Single 8K x 16 

Mode, Byte Select 

CE, OE 

Address Latch (AO -All) 

MT56C0816 

20, 25, 35 

52 

52 

CMOS 

7-1 

Dual 4K x 16 

or 

Single 8Kx 16 

Mode, Byte Select 

CE, OE 

Address Latch (AO - A12) 

MT56C3816 

20, 25, 35 

52 

52 

CMOS 

7-11 

Dual 4K x 18 

or 

Single 8K x 18 

Mode, Byte Select 

CE, OE 

Address Latch (AO -All) 

MT56C081 8 

20, 25, 35 

52 

52 

CMOS 

7-21 

Dual 4K x 18 

or 

Single 8K x 18 

Mode, Byte Select 

CE, OE 

Synchronous Write Enable 

MT56C2818 

24, 28 

52 

52 

CMOS 

7-31 

Dual 4Kx 18 

or 

Single 8K x 18 

Mode, Byte Select 

CE, OE 

Address Latch (AO - A1 2) 

MT56C3818 

20, 25, 35 

52 

52 

CMOS 
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CACHE DATA 
STATIC RAM 


DUAL 4Kx16 SRAM, 
SINGLE 8Kx16SRAM 

CONFIGURABLE CACHE DATA SRAM 


FEATURES 

• Operates as two 4K x 16 SRAMs with common 
addresses and data; also configurable as a single 
8K x 16 SRAM 

• Built-in input address latches 

• Separate upper and lower Byte Select 

• Fast access times: 20ns, 25ns and 35ns allow operation 
with 40, 33 and 25MHz microprocessor systems 

• Fast Output Enable: 8ns 

• Directly interfaces with the Intel 82385 cache controller 
as well as other 80386 cache memory controllers 

OPTIONS MARKING 

• Timing 

20ns access (40 MHz) -20 

25ns access (33 MHz) -25 

35ns access (25 MHz) -35 

• Packages 

52-pin PLCC EJ 

52-pin PQFP LG 


GENERAL DESCRIPTION 

The MT56C0816 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech- 
nology. 

The MT56C0816 is a highly integrated cache data mem- 
ory building block. It easily interfaces with cache control- 
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE MODE. A mode control 
pin (MODE) determines the configuration of the memory. 
When this pin is held LOW, the device functions as an 8K- 
word by 16-bit SRAM. When the mode pin is HIGH, the 
device is configured as a dual 4K-word by 16-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func- 
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CS0 and CS1), o utp ut enable (COE A and COEB) and 
write enable (CWEA and CWEB) signals. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 



A12 

CE 

Vss 

DQ16 

DQ15 

DQ14 

DQ13 

Vss 

DQ12 

DQ11 

DQ10 

DQ9 

NC 


In either the DIRECTMAPPED (direct) orTWO-WAYSET 
ASSOCIATIVE (dual) operational modes, CE is a global chip 
enable, while CS0 and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A" or bank "B" 
may be enabled. In the direct mode, COEA and COEB should 
be connected together externally and used as a single out- 
put enable. Alternately COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C0816 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 


MT56C0816 
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FUNCTIONAL BLOCK DIAGRAM 
DUAL 4K x 16 

(TWO-WAY SET ASSOCIATIVE) 
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FUNCTIONAL BLOCK DIAGRAM 

8K x 16 

(DIRECT MAP) 
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PIN DESCRIPTIONS 


PLCC PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8, 7, 6, 5, 4, 3, 2, 
51,50, 49, 48, 47 

A0-A1 1 

Input 

Address Inputs: These inputs are clocked by CALEN and stored 
in a latch. 

46 

A12 

Input 

Address Input: This input is the high order address bit in the direct 
8K x 16 configuration. It is not used in the dual 4K x 16 configura- 
tion. 

52 

CALEN 

Input 

Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(A0-A11). 

31 

MODE 

Input 

Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 16 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 16 SRAM. 

23, 30 

CSO, CS1 

Input 

Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSO is 
LOW, DQ1-DQ8 are enabled. When CS1 is LOW, DQ9-DQ16 are 
enabled. 

45 

CE 

Input 

Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28, 29 

COEA, COEB 

Input 

Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the DIRECT mode, these signals should be 
externally connected, and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately COEA or 
COEB can be tied LOW externally, allowing the other signal to 
control the output. 

25, 24 

CWESiUWEF 

Input 

Write Enable: In the dual configuration the signal that is LOW 
enables a data WRITE to the addressed memory location. In the 
DIRECT mode, these signals should be externally connected, 
and when asserted LOW allow Ai? to Hotormino which memory 
bank is written. Alternately CWEA or CWEB can be tied LOW 
externally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 

17, 18, 19, 35, 36, 37 

38, 40, 41 , 42, 43 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9- 
DQ16. 

1 , 21 , 22, 32, 33, 

Vcc 

Supply 

Power Supply: +5V ± 5% 

9, 10, 15, 26, 27, 39, 44 

Vss 

Supply 

Ground: GND 



7-4 




MICRON 

» TECHNOLOGY. INC. 
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TRUTH TABLE 

DUAL 4K x 16 (MODE PIN = HIGH) 


OPERATION 

CE 

cso 

CST 

CCJEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

Outputs High-Z 

X 

X 

X 

L 

L 

X 

X 

READ DQ1 - DQ8 bank A 

L 

L 

H 

L 

H 

H 

H 

READ DQ1 - DQ8 bank B 

L 

L 

H 

H 

L 

H 

H 

READ DQ9 - DQ16 bank A 

L 

H 

L 

L 

H 

H 

H 

READ DQ9 - DQ16 bank B 

L 

H 

L 

H 

L 

H 

H 

READ DQ1 - DQ16 bank A 

L 

L 

L 

L 

H 

H 

H 

READ DQ1 - DQ16 bank B 

L 

L 

L 

H 

L 

H 

H 

WRITE DQ1 - DQ8 bank A 

L 

L 

H 

X 

X 

L 

H 

WRITE DQ1 - DQ8 bank B 

L 

L | 

H 

X 

X 

H 

L 

WRITE DQ9 - DQ16 bank A 

L 

H 1 

L 

X 

X 

L 

H 

WRITE DQ9 - DQ16 bank B 

L 

H 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ16 bank A 

L 

L 

L 

X 

X 

L 

H 

WRITE DQ1 - DQ16 bank B 

L 

L 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ8 bank A & B 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9 - DQ16 bank A & B 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ1 6 bank A & B 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 


TRUTH TABLE 

8K x 16 (MODE PIN = LOW) 


OPERATION 

CE 

cso 

CST 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

READ DQ1 - DQ8 

L 

L 

H 

L 

L 

H 

H 

READ DQ9-DQ16 

L 

H 

L 

L 

L 

H 

H 

READ DQ1 -DQ16 

L 

L 

L 

L 

L 

H 

H 

WRITE DQ1 - DQ8 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9-DQ16 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA and CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

COEA and COEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be LOW to enable a 
WRITE cycle. Either CWEA or CWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation (PLCC) 1.2W 

Power Dissipation (PQFP) 1.2W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 5%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Voltage 


Vcc 

4.75 

5.25 

V 


Input High Voltage 


VlH 

2.2 

Vcc+0.3 

V 

1 

Input Low Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

Vin = GND to Vcc 

ILi 

-10 

10 

jiA 


Output Leakage Current 

Vi/o = GND to Vcc 
Output(s) Disabled 

ILo 

-10 

10 

PA 


Output Low Voltage 

Iol = 4.0mA 

VOL 


0.4 

V 

1 

Output High Voltage 

Ioh = -1 .0mA 

VOH 

2.4 


V 

1 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Current: 

Average Operating Current 

1 00% Duty cycle 

Vin = GND to Vcc 

Icci 


220 

mA 


Power Supply Current: 

Average Operating Current 

50% Duty cycle 

Vin = GND to Vcc 

ICC2 


120 

mA 


Power Supply Current: 

CMOS Standby 

CS0 = CST > Vcc - 0.2V 

Vcc = MAX 

V /,. V / m/ 

vii — i v oo f yj.c. v 

VlH > Vcc - 0.2V 

ISB 


20 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f= 1MHz 

Vcc = 5V 

ClN 


6 

pF 

3 

Output Capacitance 

Ci/o 


6 

pF 

3 


PQFP THERMAL CONSIDERATIONS 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

Still Air 

0 JA 


100 

°c/w 


Thermal resistance - Junction to Case 

0 JC 


45 

°c/w 


Maximum Case Temperature 

Tc 


110 

°c 



7-6 





MICRON 

1 TECHNOLOGY, INC. 


MT56C0816 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < +70°C; Vcc = 5.0V ±5%) 


DESCRIPTION 


-20 

-25 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle | 

READ cycle time 

*RC 

20 


25 


35 


ns 

4, 5 

Address access time (A0-A1 1 ) 

'AA 


20 


25 


35 

ns 


A12 address access time 

'A12A 


15 


17 


25 

ns 


Chip Enable access time 

V\CE 


20 


20 


25 

ns 


Chip Select access time 

V\CS 


20 


25 


35 

ns 


Output Enable access time 

*AOE 


8 


10 


13 

ns 


Output hold from address change 

*OH 

3 


3 


3 


ns 


Chip Select to output Low-Z 

’LZCS 

3 


3 


3 


ns 


Output Enable to output Low-Z 

>LZOE 

2 


2 


2 


ns 


Chip deselect to output High-Z 

’HZCS 


15 


15 


25 

ns 

6 

Output disable to output High-Z 

'HZOE 


10 


10 


14 

ns 

6 

Address latch enable pulse width 

f CALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

<ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

*AHL 

5 


5 


5 


ns 


WRITE Cycle | 

WRITE cycle time 

*wc 

20 


25 


35 


ns 


Address valid to end of write 

'A\N 

15 


18 


25 


ns 


A1 2 address valid to end of write 

*A12W 

15 


18 


25 


ns 


Chip Select to end of write 

*CW 

15 


18 


25 


ns 


Data valid to end of write 

l DW 

10 


10 


10 


ns 


Data hold from end of write 

l DH 

0 


0 


0 


ns 


Write Enable output in High-Z 

*HZWE 


12 


15 


15 

ns 

6 

Write disable to output in Low-Z 

t LZWE 

3 


3 


3 


ns 


Write pulse width 

>WP 

15 


18 


25 


ns 


CE pulse width (during Chip Enable controlled write) 

X CP 

15 


18 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Write recovery time 

*WR 

0 


0 


0 


ns 


Address latch enable pulse width 

•CALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

'ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

'AHL 

5 


5 


5 


ns 



AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


Q — 
667 


+5V 


Q 


=p 100pF 


V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


Q — 
667 


I 


+5V 
| 1000 

f 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. This parameter is sampled. 

4. CWE is HIGH for a READ cycle. 


5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. tJTZCS, t HZOE, and TiZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 
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B TECHNOLOGY, INC. 


MT56C0816 


READ CYCLE NO. 1 

(Address Controlled) 

CWEA = CWEB =Vih; COEA and/or COEB = Vil 



CALEN 






MICRON 

■ TECHNOLOGY, INC. 


MT56C0816 


READ CYCLE NO. 3 

CWEA = CWEB = Vih 


tCALEN 




/ 

v y 

*ASL 

tAHL 



( ADDRESS VALID % 


CE, CSO, CS1 


(CEOA or COEB) 


tACE 

t AC s 

tLZCS 




tLZ0E 





OOOOOOOOOOOOQ 


DON’T CARE 
UNDEFINED 





DON’T CARE 
UNDEFINED 
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PRELIMINARY 



MT56C3816 


CACHE DATA 
STATIC RAM 


DUAL 4Kx16 SRAM, 
SINGLE 8K x 16 SRAM 

CONFIGURABLE CACHE DATA SRAM 


FEATURES 

• Operates as two 4K x 16 SRAMs with common 
addresses and data; also configurable as a single 
8Kx 16 SRAM 

• Built-in input address latches (A0-A12) 

• Separate upper and lower Byte Select 

• Fast access times: 20ns, 25ns and 35ns allow operation 
with 40, 33 and 25MHz microprocessor systems 

• Fast Output Enable: 8ns 

• Directly interfaces with the Intel 82385 cache controller 
as well as other 80386 and 80486 cache memory 
controllers 

OPTIONS MARKING 

• Timing 

20ns access (40 MFlz) -20 

25ns access (33 MHz) -25 

35ns access (25 MHz) -35 

• Packages 

52-pin PLCC EJ 

52-pin PQFP LG 


GENERAL DESCRIPTION 

The MT56C3816 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech- 
nology. 

The MT56C3816 is a highly integrated cache data mem- 
ory building block. It easily interfaces with cache control- 
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE MODE. A mode control 
pin (MODE) determines the configuration of the memory. 
When this pin is held LOW, the device functions as an 8K- 
word by 16-bit SRAM. When the mode pin is HIGH, the 
device is configured as a dual 4K-word by 16-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func- 
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CS0 and CS1), output enable (COE A and COEB) and 
write enable (CWEA and CWEB) signals. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D 4) 



A12 

CE 

Vss 

DQ16 

DQ15 

DQ14 

DQ13 

Vss 

DQ12 

DQ11 

DQ10 

DQ9 

NC 



In either the DIRECTMAPPED (direct) orTWO-WAYSET 
ASSOCIATIVE (dual) operational modes, CE is a global chip 
enable, while CS0 and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A" or bank "B" 
may be enabled . In the direct mode, COEA and COEB should 
be connected together externally and used as a single out- 
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C3816 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 


MT56C3816 
REV. 1/91 
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CACHE DATA SRAM 


PRELIMINARY 


MICRON 

I TECHNOLOGY, INC- 


MT56C3816 


FUNCTIONAL BLOCK DIAGRAM 
DUAL 4K x 16 

(TWO-WAY SET ASSOCIATIVE) 
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PRELIMINARY 


|U|ICZRON MT56C3816 


FUNCTIONAL BLOCK DIAGRAM 

8Kx 16 

(DIRECT MAP) 
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PRELIMINARY 


MICRON 

■ TECHNOLOGY, INC. 


MT56C3816 


PIN DESCRIPTIONS 


PLCC PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8, 7, 6, 5, 4, 3, 2, 
51,50, 49, 48, 47 

A0-A1 1 

Input 

Address Inputs: These inputs are clocked by CALEN and stored 
in a latch. 

46 

A12 

Input 

Address Input: This input is the high order address bit in the direct 
8K x 16 configuration. It is not used in the dual 4K x 16 configura- 
tion. This input is latched by the negative edge of CALEN. 

52 

CALEN 

Input 

Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(A0-A12). 

31 

MODE 

Input 

Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 16 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 16 SRAM. 

23, 30 

CSO, CS1 

Input 

Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSO is 
LOW, DQ1-DQ8 are enabled. When CS1 is LOW, DQ9-DQ16 are 
enabled. 

45 

CE 

Input 

Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28, 29 


Input 

Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the DIRECT mode, these signals should be 
externally connected, and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately, COEA or 
COEB can be tied LOW externally, allowing the other signal to 
control the outputs. 

25, 24 

mm, mm 

Input 

WRITE ENABLE: In the dual configuration, the signal that is LOW 
enables a data write to the addressed memory location. In the 
DIRECT mode, these signals should be externally connected, and, 
when asserted LOW, allow A1 2 to determine which memory bank 
is written. Alternately, CWEA or CWEB can be tied LOW exter- 
nally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 

17, 18, 19, 35, 36, 37 
38, 40, 41 , 42, 43 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9- 
DQ16. 

1,21,22,32,33, 

Vcc 

Supply 

Power Supply: +5V ± 5% 

9, 10, 15, 26, 27, 39, 44 

Vss 

Supply 

Ground: GND 
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MT56C3816 


TRUTH TABLE 

DUAL 4K x 16 (MODE PIN = HIGH) 


OPERATION 

CE 

BSD 

CS1 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

Outputs High-Z 

X 

X 

X 

L 

L 

X 

X 

READ DQ1 - DQ8 bank A 

L 

L 

H 

L 

H 

H 

H 

READ DQ1 - DQ8 bank B 

L 

L 

H 

H 

L 

H 

H 

READ DQ9 - DQ16 bank A 

L 

H 

L 

L 

H 

H 

H 

READ DQ9 - DQ16 bank B 

L 

H 

L 

H 

L 

H 

H 

READ DQ1 - DQ16 bank A 

L 

L 

L 

L 

H 

H 

H 

READ DQ1 - DQ16 bank B 

L 

L 

L 

H 

L 

H 

H 

WRITE DQ1 - DQ8 bank A 

L 

L 

H 

X 

X 

L 

H 

WRITE DQ1 - DQ8 bank B 

L 

L 

H 

X 

X 

H 

L 

WRITE DQ9 - DQ16 bank A 

L 

H 

L 

X 

X 

L 

H 

WRITE DQ9 - DQ16 bank B 

L 

H 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ16 bank A 

L 

L 

L 

X 

X 

L 

H 

WRITE DQ1 - DQ16 bank B 

L 

L 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ8 bank A & B 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9 - DQ16 bank A & B 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16 bank A & B 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 


TRUTH TABLE 

8Kx 16 (MODE PIN = LOW) 


OPERATION 

CE 

cso 

C51 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

READ DQ1 - DQ8 

L 

L 

H 

L 

L 

H 

H 

READ DQ9-DQ16 

L 

H 

L 

L 

L 

H 

H 

READ DQ1 -DQ16 

L 

L 

L 

L 

L 

H 

H 

WRITE DQ1 - DQ8 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9-DQ16 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA and CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

COEA and COEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be LOW to enable a 
WRITE cycle. Either CWEA or CWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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CACHE DATA SRAM 


PRELIMINARY 



MT56C3816 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation (PLCC) 1.2W 

Power Dissipation (PQFP) 1.2W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 5%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Voltage 


Vcc 

4.75 

5.25 

V 


Input High Voltage 


VlH 

2.2 

Vcc+0.3 

V 

1 

Input Low Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

Vin = GND to Vcc 

ILi 

-10 

10 

pA 


Output Leakage Current 

Vi/o = GND to Vcc 
Output(s) Disabled 

ILo 

-10 

10 

pA 


Output Low Voltage 

Iol = 4.0mA 

Vol 


0.4 

V 

1 

Output High Voltage 

Ioh = -1.0mA 

VOH 

2.4 


V 

1 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Current: 

Average Operating Current 

1 00% Duty cycle 

Vin = GND to Vcc 

Icci 


220 

mA 


Power Supply Current: 

Average Operating Current 

50% Duty cycle 

Vin = GND to Vcc 

ICC2 


120 

mA 


Power Supply Current: 

CMOS Standby 

CSCf = CST > Vcc -0.2V 

Vcc = MAX 

Vil < Vss +0.2V 

Vih > Vcc -0.2V 

ISB 

J 

i ! 

20 

1 ' 

mA 

1 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

ClN 


6 

PF 

3 

Output Capacitance 

Ci/o 


6 

PF 

3 


PQFP THERMAL CONSIDERATIONS 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

Still Air 

0 JA 


100 

°c/w 


Thermal resistance - Junction to Case 



45 

°c/w 


Maximum Case Temperature 

Tc 


110 

°c 
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MT56C3816 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < +70°C; Vcc = 5.0V ±5%) 


DESCRIPTION 


-20 

-25 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle | 

READ cycle time 

l RC 

20 


25 


35 


ns 

4,5 

Address access time (A0-A12) 

'AA 


20 


25 


35 

ns 


Chip Enable access time 

'ACE 


20 


20 


25 

ns 


Chip Select access time 

'ACS 


20 


25 


35 

ns 


Output Enable access time 

'AOE 


8 


10 


13 

ns 


Output hold from address change 

*OH 

3 


3 


3 


ns 


Chip Select to output Low-Z 

izcs 

3 


3 


3 


ns 


Output Enable to output Low-Z 

'LZOE 

2 


2 


2 


ns 


Chip deselect to output High-Z 

'HZCS 


15 


15 


25 

ns 

6 

Output disable to output High-Z 

'HZOE 


10 


10 


14 

ns 

6 

Address latch enable pulse width 

tCALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

*ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

*AHL 

5 


5 


5 


ns 


WRITE Cycle | 

WRITE cycle time 

•wc 

20 




35 


ns 


Address valid to end of write 

l AW 

15 


18 


25 


ns 


Chip Select to end of write 

'cw 

15 


18 


25 


ns 


Data valid to end of write 

t DW 

10 


10 


10 


ns 


Data hold from end of write 

l DH 

0 


0 


0 


ns 

% 

Write Enable output in High-Z 

<HZWE 


12 


15 


15 

ns 

6 

Write disable to output in Low-Z 

'LZWE 

3 


3 


3 


ns 


Write pulse width 

t W P 

15 


18 


25 


ns 


CE pulse width (during Chip Enable controlled write) 

X CP 

15 


18 


25 


ns 


Address setup time 

*AS 

0 


0 


0 


ns 


Write recovery time 

*WR 

0 


0 


0 


ns 


Address latch enable pulse width 

'CALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

'ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

'AHL 

5 


5 


5 


ns 



AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1 .5V 

Output reference levels 

1 .5V 

Output load 

...See Figures 1 and 2 


+5V 


1000 

lOOpF 


V 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 


1000 


667 


-T" 5pF 


V 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. This parameter is sampled. 

4. CWE is HIGH for a READ cycle. 


5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. t HZCS, tHZOE, and l HZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 
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MT56C381 6 


READ CYCLE NO. 1 


(Address Controlled) 

CWEA = CWEB =Vih; ^EA and/or COEB = Vil 


o 

> 

o 

X 

m 

o 

§ 

(/> 

J3 

> 


READ CYCLE NO. 2 

(CALEN Controlled) 


CWEA = CWEB =Vih; COEA and/or COEB = Vil 




7JJ\ DON’T CARE 
UNDEFINED 
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MT56C3816 


WRITE CYCLE NO. 1 

(Write Enable Controlled) 



ADDRESS VALID 





WRITE CYCLE NO. 2 

(Chip Select Controlled) 




mmwh 


v)))mmm/////////m 



DON’T CARE 


UNDEFINED 
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MICRON 

B TECHNOLOGY, INC. 


MT56C0818 


CACHE DATA 
STATIC RAM 


DUAL 4Kx18 SRAM, 
SINGLE 8K x 18 SRAM 

CONFIGURABLE CACHE DATA SRAM 


FEATURES 

• Operates as two 4K x 18 SRAMs with common 
addresses and data; also configurable as a single 
8K x 18 SRAM 

• Built-in input address latches 

• Separate upper and lower Byte Select 

• Fast access times: 20ns, 25ns and 35ns allow operation 
with 40, 33 and 25MHz microprocessor systems 

• Fast Output Enable: 8ns 

• Directly interfaces with the Intel 82385 cache controller 
as well as other 80386 cache memory controllers 

• Parity bits provided for large cache applications such 
as secondary cache for the Intel 80486 microprocessors 

OPTIONS MARKING 


Timing 

20ns access (40 MHz) 

-20 

25ns access (33 MHz) 

-25 

35ns access (25 MHz) 

-35 

Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 


GENERAL DESCRIPTION 

The MT56C0818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech- 
nology. 

The MT56C0818 is a highly integrated cache data mem- 
ory building block. It easily interfaces with cache control- 
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE mode. A mode control pin 
(MODE) determines the configuration of the memory. When 
this pin is held LOW, the device functions as an 8K-word by 
18-bit SRAM. When the mode pin is HIGH, the device is 
configured as a dual 4K-word by 18-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func- 
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CS0 and CS1), output enable (COE A and COEB) and 
write enable (CWEA and CWEB) signals. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 



A12 

CE 

Vss 

DQ16 

DQ15 

DQ14 

DQ13 

Vss 

DQ12 

DQ11 

DQ10 

DQ9 

DQP2 


In either the DIRECT MAPPED (direct) orTWO-WAYSET 
ASSOCIATIV E (du al) o pera tional modes, CE is a global chip 
enable, while CS0 and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Output s are e nabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A " or ba nk "B" 
may be enabled. In the direct mode, COEA and COEB should 
be connected together externally and used as a single out- 
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C0818 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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MICRON 

■ TECHNOLOGY, INC. 


MT56C0818 


FUNCTIONAL BLOCK DIAGRAM 
DUAL 4K x 18 

(TWO-WAY SET ASSOCIATIVE) 


CALEN 


COEA 

CWEA 


COEB 


CWEB 



BANKA 


4K x 9 
SRAM 


BANK 

SELECT 


BANK 

SELECT 


BANKA 


4K x 9 
SRAM 


BANK 

SELECT 


BANK 

SELECT 


DQ8 

DQP1 

DQ9 

DQ16 

DQP2 


BANK B 


4K x 9 
SRAM 


4K x 9 
SRAM 


LOWER BYTE SELECT 


UPPER BYTE SELECT 


MODE = HIGH 
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FUNCTIONAL BLOCK DIAGRAM 

8K x 18 

(DIRECT MAP) 



DQ1 

DQ8 

DQP1 

DQ9 

DQ16 

DQP2 
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MT56C0818 


PIN DESCRIPTIONS 


PLCC PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8,7, 6, 5, 4, 3, 2, 
51,50, 49, 48, 47 

A0-A1 1 

Input 

Address Inputs: These inputs are clocked by CALEN and stored 
in a latch. 

46 

A12 

Input 

Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual 4K x 18 
configuration. 

52 

CALEN 

Input 

Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(A0-A11). 

31 

MODE 

Input 

Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 18 SRAM. 

23, 30 

CSO, CS1 

Input 

Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSO is 
LOW, DQ1-DQ8 and DQP1 are enabled. When CS1 is LOW, 
DQ9-DQ16 and DQP2 are enabled. 

45 

CE 

Input 

Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28, 29 

COEA. COEB 

Input 

Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the direct mode, these signals should be externally 
connected, and, when asserted LOW, allow A12 to determine 
which memory bank is enabled. Alternately, COEA or COEB can 
be tied LOW externally, allowing the other signal to control the 
outputs. 

25, 24 

wea;cwef 

Input 

Write Enable: In the dual configuration the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected, and, 
when asserted LOW, allow A12 to determine which memory hank 
is written. Alternately, CWEA or CWEB can be tied LOW exter- 
nally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 

17, 18, 19, 35, 36, 37 

38, 40,41,42,43 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9- 
DQ16. 

20,34 

DQP1 

DQP2 

Input/ 

Output 

Parity Data I/O: DQP1 is the parity bit for the lower byte. DQP2 is 
the parity bit for the upper byte. 

1,21,22, 32, 33, 

Vcc 

Supply 

Power Supply: +5V ± 5% 

9, 10, 15, 26, 27, 39, 44 

Vss 

Supply 

Ground: GND 
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MT56C081 8 


TRUTH TABLE 

DUAL 4K x 18 (MODE PIN = HIGH) 


OPERATION 

ue 

USO 

USl 

COEA 

COED 

CWEA 

UWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

Outputs High-Z 

X 

X 

X 

L 

L 

X 

X 

READ DQ1 - DQ8, DQP1 bank A 

L 

L 

H 

L 

H 

H 

H 

READ DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

H 

L 

H 

H 

READ DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

L 

H 

H 

H 

READ DQ9 - DQ16, DQP2 bank B 

L 

H 

L 

H 

L 

H 

H 

READ DQ1 - DQ16, DQP1, DQP2 bank A 

L 

L 

L 

L 

H 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 bank B 

L 

L 

L 

H 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 bank A 

L 

L 

H 

X 

X 

L 

H 

WRITE DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

X 

X 

H 

L 

WRITE DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

X 

X 

L 

H 

WRITE DQ9 - DQ1 6, DQP2 bank B 

L 

H 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ16, DQP1, DQP2 bank A 

L 

L 

L 

X 

X 

L 

H 

WRITE DQ1 - DQ16, DQP1, DQP2 bank B 

L 

L 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ8, DQP1 bank A & B 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9 - DQ16, DQP2 bank A & B 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ1 6, DQP1 , DQP2 bank A & B 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 


TRUTH TABLE 

8K x 18 (MODE PIN = LOW) 


OPERATION 

UE 

USD 

UST 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

READ DQ1 - DQ8, DQP1 

L 

L 

H 

L 

L 

H 

H 

READ DQ9-DQ16, DQP2 

L 

H 

L 

L 

L 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 

L 

L 

L 

L 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9-DQ16, DQP2 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16, DQP1, DQP2 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA and CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

COEA and COEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be LOW to enable a 
WRITE cycle. Either CWEA or CWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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MICRON 

■ TECHNOLOGY, INC, 


MT56C0818 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation (PLCC) 1.2W 

Power Dissipation (PQFP) 1.2W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 5%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Voltage 


Vcc 

4.75 

5.25 

V 


Input High Voltage 


VlH 

2.2 

Vcc+0.3 

V 

1 

Input Low Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

Vin = GND to Vcc 

ILi 

-10 

10 

jjA 


Output Leakage Current 

Vi/o = GND to Vcc 
Output(s) Disabled 

ILo 

-10 

10 

jjA 


Output Low Voltage 

Iol = 4.0mA 

VOL 


0.4 

V 

1 

Output High Voltage 

Ioh = -1.0mA 

VOH 

2.4 


V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Current: 

Average Operating Current 

1 00% Duty cycle 

Vin = GND to Vcc 

Icci 


220 

mA 


Power Supply Current: 

Average Operating Current 

50% Duty cycle 

Vin = GND to Vcc 

ICC2 


120 

mA 


Power Supply Current: 

CMOS Standby 

1 

CS0 = CST > Vcc - 0.2 V 

Vcc = MAX 

Vil < Vss + 0.2V 

VlH > VCC - 0.2V 

ISB 


20 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f= 1MHz 

Vcc = 5V 

ClN 


6 

PF 

3 

Output Capacitance 

Ci/o 


6 

PF 

3 


PQFP THERMAL CONSIDERATIONS 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

Still Air 

0 JA 


100 

°c/w 


Thermal resistance - Junction to Case 

0 JC 


45 

°c/w 


Maximum Case Temperature 

Tc 


110 

°c 
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MT56C0818 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < +70°C, Vcc = 5.0V ±5%) 


DESCRIPTION 


-20 

-25 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle | 

READ cycle time 

l RC 

20 


25 


35 


ns 

4,5 

Address access time (A0-A1 1 ) 

•aa 


20 


25 


35 

- 


A1 2 address access time 

*A12A 


15 


17 


25 

ns 


Chip Enable access time 

*ACE 


20 


20 


25 

ns 


Chip Select access time 

*ACS 


20 


25 


35 

ns 


Output Enable access time 

*AOE 


8 


10 


13 

ns 


Output hold from address change 

{ OH 

3 


3 


3 


ns 


Chip Select to output Low-Z 

'LZCS 

3 


3 


3 


ns 


Output Enable to output Low-Z 

'LZOE 

2 


2 


2 


ns 


Chip deselect to output High-Z 

l HZCS 


15 


15 


25 

ns 

6 

Output disable to output High-Z 

*HZOE 


10 


10 


14 

ns 

6 

Address latch enable pulse width 

tCALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

X ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

'AHL 

5 


5 


5 


ns 


WRITE Cycle | 

WRITE cycle time 

•wc 

20 


25 


35 


ns 


Address valid to end of write 

l AW 

15 


18 


25 


ns 


A1 2 address valid to end of write 

*A12W 

15 


18 


25 


ns 


Chip Select to end of write 

l CW 

15 


18 


25 


ns 


Data valid to end of write 

l DW 

10 


10 


10 


ns 


Data hold from end of write 

*DH 

0 


0 


0 


ns 


Write enable output in High-Z 

TlZWE 


12 


15 


15 

ns 

6 

Write disable to output in Low-Z 

Lzwe 

3 


3 


3 


ns 


Write pulse width 

twp 

15 


18 


25 


ns 


CE pulse width (during Chip Enable controlled write) 

'CP 

15 


18 


25 


ns 


Address setup time 

'AS 

0 


0 


0 


ns 


Write recovery time 

*WR 

0 


0 


0 


ns 


Address latch enable pulse width 

tCALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

'ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

*AHL 

5 


5 


5 


ns 



AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1.5V 

Output reference levels 

1 .5V 

Output load 

...See Figures 1 and 2 


+5V 


1000 


667 


lOOpF 


V 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


Q — 
667 


+5V 
S 1000 

r 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 5. All READ cycle timings are referenced from the last 

1. All voltages referenced to Vss (GND). valid address to the first transitioning address. 

2. -3.0V for pulse width < 20ns. 6. TlZCS, tHZOE, and TiZWE are specified with CL = 

3. This p arameter is sampled. 5pF as in Fig. 2. Transition is measured ± 500mV 

4. CWE is HIGH for a READ cycle. from steady state voltage. 
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READ CYCLE NO. 1 

(Address Controlled) 

CWEA = CWEB =Vih; COEA and/or COEB = Vil 



READ CYCLE NO. 2 

(CALEN Controlled) 

CWEA = CWEB =Vih; COEA and/or COEB = Vil 
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MT56C081 8 


WRITE CYCLE NO. 1 

(Write Enable Controlled) 


tCALEN 




/ \ 

A 

* ASL , , tAHL 


)( ADDRESS VALID )( 

»AW 


tA12W 


tew 


j 


WJ7JJ7J77I7J7777A , 

w/m/mk 

l AS i j twp 

tWR 


DATA IN VALID 
tLZWE , 


WRITE CYCLE NO. 2 

(Chip Select Controlled) 


tCALEN 




r ^ 

^ j 

tASL 

tAHL 



^ ADDRESS VALID * 


*DH 

DATA IN VALID 


DON’T CARE 
! UNDEFINED 



MICRON 

1 TECHNOLOGY, INC. 


MT56C2818 



CACHE DATA 
STATIC RAM 


DUAL 4Kx18 SRAM, 
SINGLE 8Kx18 SRAM 

CONFIGURABLE CACHE DATA SRAM 


FEATURES 

• Automatic WRITE cycle completion 

• Operates as two 4K x 18 SRAMs with common 
addresses and data; also configurable as a single 
8K x 18 SRAM 

• Automatically controlled input address latches 

• Built-in input data latches 

• Separate upper and lower Byte Select 

• Fast access times: 24ns and 28ns allow operation with 
33MHz and 25MHz microprocessor systems 

• Fast Output Enable: 8ns 

• Parity bits provided for large cache applications such 
as secondary cache for the Intel 80486 microprocessor 

• Directly compatible with the Intel 82485 cache 
controller 


OPTIONS 

• Timing 

24ns access (33 MHz) 
28ns access (25 MHz) 


MARKING 

-24 

-28 


• Packages 

52-pin PLCC EJ 

52-pin PQFP LG 


GENERAL DESCRIPTION 

The MT56C2818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech- 
nology. 

The MT56C2818 is a highly integrated cache data mem- 
ory building block. A mode control pin (MODE) deter- 
mines the configuration of the memory. When this pin is 
held LOW, the device functions as an 8K-word by 18-bit 
SRAM. When the mode pin is HIGH, the device is config- 
ured as a dual 4K-word by 18-bit SRAM. 

Strobe (S)controls the on-chip address and data latches. 
During READ and WRITE cycles the address latch is al- 
ways transparent except for the time period t ALO follow- 
ing the rising edge of S. The addresses are "locked out" 
during this time. 

S has no effect on the data latch during a READ cycle. 
During a WRITE cycle, data is latched on the rising edge of 
S. The rising edge of S also initiates the completion of the 
WRITE cycle. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D 3) 
52-Pin PQFP (D-4) 


..- 0 .. ia . n .. n .. n . Jz i- 1 -i.. O - n u : 

> u 59 51 5 


7 6 5 4 3 2 u 52 51 50 49 48 47 
AO Cl 8 1 46 D A12 

Vss E 9 45 1 CE 

Vss CIO 44 H Vss 

DQ1 C 11 43 U DQ16 

DQ2 C 12 42 3 DQ15 

DQ3 C 13 41 : DQ14 

DQ4 C 14 40 II DQ13 

Vss C 15 39 1 Vss 

DQ5 C 16 38 3 DQ12 

DQ6 C 17 37 : DQ11 

DQ7 C 18 36 1 DQ10 

DQ8 C 19 35 : DQ9 

DQP1 C 20 34 1 DQP2 

21 22 23 24 25 26 27 28 29 30 31 32 33 


a u u u'U'u ut 


JO' -quo 


mmj 


The memory functions are controlled by the chip select 
(CE, CS0 and CS1), output enable (COE A and COEB) and 
write enable (CWEA and CWEB) signals. 

In eitherthe DIRECT MAPPED (direct) orTWO-WAYSET 
ASSOCIATIVE (dual) operational modes, CE is a global chip 
enable, while CS0 and CS1 control lower and upper byte 
selection for READ and WRITE operations. Power con- 
sumption may be reduced by keeping either CE inactive 
(HIGH), or CS0 and CS1 inactive (HIGH) as much as pos- 
sible. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A" or bank "B" 
may be enabled. In the direct mode, COEA and COEB should 
be connected together externally and used as a single out- 
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C2818 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 


MT56C2818 
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H TECHNOLOGY, INC. 


MT56C281 8 


FUNCTIONAL BLOCK DIAGRAM 
DUAL 4K x 18 

(TWO-WAY SET ASSOCIATIVE) 



DQ1 

DQ8 

DQP1 

DQ9 

DQ16 

DQP2 
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MT56C2818 


FUNCTIONAL BLOCK DIAGRAM 

(COEA = COEB; CWEA = CWEB) 


8K x 18 

(DIRECT MAP) 



DQ1 

DQ8 

DQP1 

DQ9 

DQ16 

DQP2 


7-33 


§ CACHE DATA SRAM 






■ CACHE DATA SRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT56C281 8 


PIN DESCRIPTIONS 


PLCC PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8, 7, 6, 5, 4, 3, 2, 

51 , 50, 49, 48, 47 

A0-A1 1 

Input 

Address Inputs: A0-A1 1 are always sampled (transparent latch) 
except for the time l WAH and *ALO following the rising edge of S. 

46 

A12 

Input 

Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual 4K x 18 configura- 
tion. 

52 

S 

Input 

Strobe: This signal controls the internal data and address latches. 
The address latch is always transparent except for the time period 
! ALO following the rising edge of S. The addresses are “locked 
out” during this time period. 

S does not affect the data latch during a READ cycle. During a 
WRITE cycle the rising edge of S latches the data. The rising 
edge also initiates the termination of the WRITE cycle. 

31 

MODE 

Input 

Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 1 8 SRAM. 

23, 30 

CS0, CS1 

Input 

Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CS0 is 
LOW, DQ1-DQ8 and DQP1 are enabled. When CST is LOW, 
DQ9-DQ16 and DQP2 are enabled. Significant power savings can 
be achieved by keeping CS0 and CS1 inactive as much as 
possible. 

45 

CE 

Input 

i 

Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank “A” and bank “B” for 
READ or WRITE operations. Significant power savings can be 
achieved by keeping CE inactive as much as possible. 

28, 29 

udea;cdeb 

Input 

Output Enable: In the dual configuration, the signal that is LOW 
enables bank “A” or “B”. Simultaneous LOW assertion will 
deselect both banks. In the direct mode, these signals should be 
externally connected and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately, COEA or 
COEB can be tied LOW externally, allowing the other signal to 
control the outputs. 

25, 24 

cwe^wveb 

Input 

Write Enable: In the dual configuration, the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected and, 
when asserted LOW, allow A12 to determine which memory bank 
is written. Alternately, CWEA or CWEB can be tied LOW exter- 
nally, allowing the other signal to control the write function. 

20, 34 

DQP1, DQP2 

Input/ 

Output 

Parity Data I/O: DQP1 is the parity bit for the lower byte. DQP2 
is the parity bit for the upper byte. 

11, 12, 13, 14, 16 

17, 18, 19, 35, 36, 37 

38, 40, 41 , 42, 43 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9- 
DQ16. 

1,21, 22, 32, 33, 

Vcc 

Supply 

Power Supply: +5V ± 5% 

9, 10, 15, 26, 27, 39, 44 

Vss 

Supply 

Ground: GND 
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MT56C2818 


TRUTH TABLE 

DUAL 4K x 18 (MODE PIN = HIGH) 


OPERATION 

CE 

USO 

CS1 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

Outputs High-Z 

X 

X 

X 

L 

L 

X 

X 

READ DQ1 - DQ8, DQP1 bank A 

L 

L 

H 

L 

H 

H 

H 

READ DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

H 

L 

H 

H 

READ DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

L 

H 

H 

H 

READ DQ9 - DQ16, DQP2 bank B 

L 

H 

L 

H 

L 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 bank A 

L 

L 

L 

L 

H 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 bank B 

L 

L 

L 

H 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 bank A 

L 

L 

H 

X 

X 

L 

H 

WRITE DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

X 

X 

H 

L 

WRITE DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

X 

X 

L 

H 

WRITE DQ9 - DQ16, DQP2 bank B 

L 

H 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ1 6, DQP1 , DQP2 bank A 

L 

L 

L 

X 

X 

L 

H 

WRITE DQ1 - DQ16, DQP1 , DQP2 bank B 

L 

L 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ8, DQP1 bank A & B 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9 - DQ16, DQP2 bank A & B 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ1 6, DQP1 , DQP2 bank A & B 

L 

L 

L 

X 

X 

L 

L 


TRUTH TABLE 

8K x 18 (MODE PIN = LOW) 


OPERATION 

CE 

cso 

CS1 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

READ DQ1 - DQ8, DQP1 

L 

L 

H 

L 

L 

H 

H 

READ DQ9- DQ16, DQP2 

L 

H 

L 

L 

L 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 

L 

L 

L 

L 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9- DQ16, DQP2 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16, DQP1 , DQP2 

L 

L 

L 

X 

X 

L 

L 


NOTE: When mode pin is LOW, COEA and COEB must both be LOW to enable outputs. However, one signal can be 
tied LOW externally, allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be 
LOW to enable a WRITE cycle. Either CWEA or CWEB can be tied LOW externally, allowing the other signal to 
control the WRITE function. 
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MT56C2818 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +7.0V 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation (PLCC) 1.2W 

Power Dissipation (PQFP) 1.2W 

Short Circuit Output Current 50mA 


*Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 5%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Voltage 


Vcc 

4.75 

5.25 

V 


Input High Voltage 


VlH 

2.2 

Vcc +0.3 

V 

1 

Input Low Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

Vin = GND to Vcc 

ILi 

-10 

10 

|iA 


Output Leakage Current 

Vi/o = GND to Vcc 
Output(s) Disabled 

ILo 

-10 

10 

pA 


Output Low Voltage 

Iol = 4.0mA 

Vol 


0.4 

V 

1 

Output High Voltage 

Ioh = -1 .0mA 

VOH 

2.4 


V 

1 



DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Current: 
Average Operating Current 

1 00% Duty cycle 

Vin = GND to Vcc 

Icci 


220 

mA 


Power Supply Current: 
Average Operating Current 

50% Duty cycle 

Vin = GND to Vcc 

ICC2 


120 

mA 


Power Supply Current: 
CMOS Standby 

UST > Vcc -0.2V and 
U30 > Vcc -0.2V or 
Vcc = MAX, f = 0, 
Vn<Vss +0.2V, 

Vih > Vcc -0.2V 

CE< Vss +0.2V 

ISB1 


20 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T a = 25°C; Vcc = 5V 
f = 1MHz, 

ClN 


6 

PF 

3 

Input/Output Capacitance 

Ci/o 


6 

PF 

3 


PQFP THERMAL CONSIDERATIONS 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

Still Air 

0 JA 


100 

°c/w 


Thermal resistance - Junction to Case 

0 JC 


45 

°c/w 


Maximum Case Temperature 

Tc 


110 

°c 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 8) (0°C < T a < +70°C, Vcc = 5.0V ±5%) 


DESCRIPTION 


-24 

-28 



SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle | 

READ cycle time 

‘RC 

24 


28 


ns 

4,5 

Address access time (A0-A1 1) 

*AA 


24 


28 

ns 

4,5 

A12 address access time 

*A12A 


17 


19 

ns 


Chip Enable access time 

WCE 


23 


26 

ns 


Chip Select access time 

V\CS 


23 


26 

ns 


Output Enable access time 

x AOE 


8 


10 

ns 


Output hold from address change 

x OH 

3 


3 


ns 


Chip select/Ghip enable to output Low-Z 

*LZCS 

3 


3 


ns 


Output Enable to output Low-Z 

TZOE 

2 


2 


ns 


Chip deselect/chip disable to output High-Z 

l HZCS 


15 


15 

ns 

6 

Output disable to output High-Z 

tHZOE 

2 

10 

2 

10 

ns 

6 

WRITE Cycle | 

WRITE cycle time 

*wc 

24 


28 


ns 


S strobe HIGH level width 

*SWH 

11 


14 


ns 

7 

S strobe LOW level width 

>SWL 

11 


14 


ns 

7 

WRITE, Chip Enable/Write Enable to S strobe setup 

*WSS 

10 


12 


ns 

7 

WRITE, Chip Enable/Write Enable to S strobe hold 

*WSH 

2 


2 


ns 

7 

WRITE, address setup to S strobe 

*WAS 

13 


16 


ns 

7 

WRITE, address hold to S strobe 

*WAH 

2 


2 


ns 

7 

Address latch closed 

x ALO 


8 


8 

ns 

7 

Chip Select to S strobe setup 

•css 

13 


16 


ns 

7 

Chip Select to S strobe hold 

t CSH 

2 


2 


ns 

7 

Data to S strobe setup 

*DSS 

5 


5 


ns 

7 

Data to S strobe hold 

l DSH 

3 


3 


ns 

7 

Write Enable to output in High-Z 

‘HZWE 


15 


15 

ns 

6 

Write Enable to output in Low-Z 

TZWE 

8 


8 


ns 



AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels 

1.5V 

Output reference levels 

1.5V 

Output load 

Reference Figure 1 

(see notes 6 and 8). 



+5V 


Q 


667 



V 


Q — 
667 


+5V 
S 1000 

f 


Fig. 1 OUTPUT LOAD 
EQUIVALENT 


Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. This parameter is sampled. 

4. CWE is HIGH for a READ cycle. 

5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 


6. tHZCS, ^ZOE, and *HZWE are specified with CL 
5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 

7. Self-timed WRITE parameter. 

8. Output timing should be derated by Ins for each 
additional 30pf of capacitive loading. 
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READ CYCLE NO. 2 

(COEA and/or COEB = Vil) 
(CWEA = CWEB = Vih) 


S ; 

i ] >SWH ( RC 1 

( 

mmmim VMiimiimmmiiimmmimiiA 



tACE 

) 



V/////////////M 


/////////m 

i 


*ACS 

■ 


mmm 

7//////////7/M 

\ 

W///////M 


tWAH. *ALO 






ADDR ^ 


( ADDRESS VALID 

\ 

( 


*AA 



l A12A 


tQH | 

o 

( DATA VALID 


m 


DON’T CARE 
UNDEFINED 
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WRITE CYCLE NO. 1 

(Write Enable/Chip Enable controlled) 


<WAS 

ADDRESS VALID 


tWAH , t AL0 


CE, CWEA, CWEB 


CE, CWEA, CWEB 


DATA IN VALID 
I tLZWE I 


WRITE CYCLE NO. 2 

(Chip Select Controlled) 



| DON'T CARE 
I UNDEFINED 



PRELIMINARY 


MICRON 

m TECHNOLOGY. INC. 


MT56C381 8 


CACHE DATA 
STATIC RAM 


DUAL 4Kx18 SRAM, 
SINGLE 8Kx 18 SRAM 

CONFIGURABLE CACHE DATA SRAM 


FEATURES 

• Operates as two 4K x 18 SRAMs with common 
addresses and data; also configurable as a single 
8K x 18 SRAM 

• Built-in input address latches (A0-A12) 

• Separate upper and lower Byte Select 

• Fast access times: 20ns, 25ns and 35ns allow operation 
with 40, 33 and 25MHz microprocessor systems 

• Fast Output Enable: 8ns 

• Directly interfaces with the Intel 82385 cache controller 
as well as other 80386 and 80486 cache memory 
controllers 

• Parity bits provided for large cache applications such 
as secondary cache for the Intel 80486 microprocessors 


OPTIONS MARKING 


Timing 

20ns access (40 MHz) 

-20 

25ns access (33 MHz) 

-25 

35ns access (25 MHz) 

-35 

Packages 

52-pin PLCC 

EJ 

52-pin PQFP 

LG 


GENERAL DESCRIPTION 

The MT56C3818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech- 
nology. 

The MT56C3818 is a highly integrated cache data mem- 
ory building block. It easily interfaces with cache control- 
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE mode. A mode control pin 
(MODE) determines the configuration of the memory. When 
this pin is held LOW, the device functions as an 8K-word by 
18-bit SRAM. When the mode pin is HIGH, the device is 
configured as a dual 4K-word by 18-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func- 
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CS0 and CS1), output enable (COE A and COEB) and 
write enable (CWEA and CWEB) signals. 


PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 



A12 

CE 

Vss 

DQ16 

DQ15 

DQ14 

DQ13 

Vss 

DQ12 

DQ11 

DQ10 

DQ9 

DQP2 


In either the DIRECT MAPPED (direct) or TWO-WAY SET 
ASSOCIATIV E (du al) o pera tional modes, CE is a global chip 
enable, while CS0 and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mod e, bank "A " or ba nk "B" 
may be enabled . In the direct mode, COEA and COEB should 
be connected together externally and used as a single out- 
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C3818 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 


MT56C3818 
REV. 1/91 
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MT56C3818 


FUNCTIONAL BLOCK DIAGRAM 
DUAL 4K x 18 

(TWO-WAY SET ASSOCIATIVE) 
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MT56C3818 


FUNCTIONAL BLOCK DIAGRAM 

8Kx 18 

(DIRECT MAP) 


CALEN 


BANKA 


BANKA 


4K x 9 
SRAM 


4K x 9 
SRAM 


COEA 


CWEA 


COEB 


CWEB 


BANK 

SELECT 


BANK “ 
SELECT - 


BANK 

SELECT 


BANK 

SELECT 


DQ8 

DQP1 

DQ9 

DQ16 

DQP2 


BANK B 


BANK B 


4K x 9 
SRAM 


4K x 9 
SRAM 


LOWER BYTE SELECT 


UPPER BYTE SELECT 


MODE = LOW 
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PIN DESCRIPTIONS 


PLCC PIN 

NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

8, 7, 6, 5, 4, 3, 2, 

51 , 50, 49, 48, 47 

A0-A1 1 

Input 

Address Inputs: These inputs are clocked by CALEN and stored 
in a latch. 

46 

A12 

Input 

Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual 4K x 18 
configuration. This input is latched by the negative edge of 

CALEN. 

52 

CALEN 

Input 

Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(A0-A12). 

31 

MODE 

Input 

Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 18 SRAM. 

23, 30 

CS0, CS1 

Input 

Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CS0 is 
LOW, DQ1-DQ8 and DQP1 are enabled. When CS1 is LOW, 
DQ9-DQ16 and DQP2 are enabled. 

45 

UE 

Input 

Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28, 29 

cues; cuef 

Input 

Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the direct mode, these signals should be externally 
connected, and, when asserted LOW, allow A12 to determine 
which memory bank is enabled. Alternately, COEA or COEB can 
be tied LOW externally, allowing the other signal to control the 
outputs. 

25, 24 

CWEA, CWEB 

Input 

Write Enable: In the dual configuration the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected, and, 
when asserted LOW, allow A12 to determine which memory bank 
is written. Alternately, CWEA or CWEB can be tied LOW 
externally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 

17, 18, 19, 35, 36, 37 

38, 40, 41 , 42, 43 

DQ1-DQ16 

Input/ 

Output 

SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9- 
DQ16. 

20,34 

DQP1 

DQP2 

Input/ 

Output 

Parity Data I/O: DQP1 is the parity bit for the lower byte. DQP2 is 
the parity bit for the upper byte. 

1,21,22, 32,33, 

Vcc 

Supply 

Power Supply: +5V ± 5% 

9, 10, 15, 26, 27, 39, 44 

Vss 

Supply 

Ground: GND 
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MT56C3818 


TRUTH TABLE 

DUAL 4K x 18 (MODE PIN = HIGH) 


OPERATION 

ce 

C50 

C5T 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

Outputs High-Z 

X 

X 

X 

L 

L 

X 

X 

READ DQ1 - DQ8,DQP1 bank A 

L 

L 

H 

L 

H 

H 

H 

READ DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

H 

L 

H 

H 

READ DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

L 

H 

H 

H 

READ DQ9 - DQ16, DQP2 bank B 

L 

H 

L 

H 

L 

H 

H 

READ DQ1 - DQ1 6, DQP1 , DQP2 bank A 

L 

L 

L 

L 

H 

H 

H 

READ DQ1 - DQ16, DQP1, DQP2 bank B 

L 

L 

L 

H 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 bank A 

L 

L 

H 

X 

X 

L 

H 

WRITE DQ1 - DQ8, DQP1 bank B 

L 

L 

H 

X 

X 

H 

L 

WRITE DQ9 - DQ16, DQP2 bank A 

L 

H 

L 

X 

X 

L 

H 

WRITE DQ9 - DQ16, DQP2 bank B 

L 

H 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ16, DQP1, DQP2 bank A 

L 

L 

L 

X 

X 

L 

H 

WRITE DQ1 - DQ16, DQP1, DQP2 bank B 

L 

L 

L 

X 

X 

H 

L 

WRITE DQ1 - DQ8, DQP1 bank A & B 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9 - DQ16, DQP2 bank A & B 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ1 6, DQP1 , DQP2 bank A & B 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 


TRUTH TABLE 

8K x 18 (MODE PIN = LOW) 


OPERATION 

CE 

cso 

CM 

COEA 

COEB 

CWEA 

CWEB 

Outputs High-Z, WRITE disabled 

H 

X 

X 

X 

X 

X 

X 

Outputs High-Z, WRITE disabled 

X 

H 

H 

X 

X 

X 

X 

Outputs High-Z 

X 

X 

X 

H 

H 

X 

X 

READ DQ1 - DQ8, DQP1 

L 

L 

H 

L 

L 

H 

H 

READ DQ9-DQ16, DQP2 

L 

H 

L 

L 

L 

H 

H 

READ DQ1 - DQ16, DQP1 , DQP2 

L 

L 

L 

L 

L 

H 

H 

WRITE DQ1 - DQ8, DQP1 

L 

L 

H 

X 

X 

L 

L 

WRITE DQ9-DQ16, DQP2 

L 

H 

L 

X 

X 

L 

L 

WRITE DQ1 - DQ16, DQP1 , DQP2 

L 

L 

L 

X 

X 

L 

L 


NOTE: CE, when taken inactive while CWEA and CWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

COEA and COEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be LOW to enable a 
WRITE cycle. Either CWEA or CWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -1.0V to +-7.0V 

Storage Temperature -55°C to +150°C 

Power Dissipation (PLCC) 1.2W 

Power Dissipation (PQFP) 1.2W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 5%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Voltage 


Vcc 

4.75 

5.25 

V 


Input High Voltage 


VlH 

2.2 

Vcc +0.3 

V 

1 

Input Low Voltage 


VlL 

-0.3 

0.8 

V 

1,2 

Input Leakage Current 

Vin = GND to Vcc 

ILi 

-10 

10 

HA 


Output Leakage Current 

Vi/o = GND to Vcc 
Output(s) Disabled 

ILo 

-10 

10 

pA 


Output Low Voltage 

Iol = 4.0mA 

Vol 


0.4 

V 

1 

Output High Voltage 

Ioh = -1 .0mA 

VOH 

2.4 


V 

1 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply Current: 

Average Operating Current 

1 00% Duty cycle 

Vin = GND to Vcc 

Icci 


220 

mA 


Power Supply Current: 

Average Operating Current 

50% Duty cycle 

Vin = GND to Vcc 

ICC2 


120 

mA 


Power Supply Current: 

CMOS Standby 

CS0 = CST>Vcc -0.2V 

Vcc = MAX 

Vil < Vss +0.2V 

VlH > Vcc -0.2V 

ISB 


20 

mA 



CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

ClN 


6 

pF 

3 

Output Capacitance 

Ci/o 


6 

pF 

3 


PQFP THERMAL CONSIDERATIONS 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

Still Air 

0 JA 


100 

°c/w 


Thermal resistance - Junction to Case 

0 JC 


45 

°c/w 


Maximum Case Temperature 

Tc 


110 

°c 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < +70°C, Vcc = 5.0V ±5%) 


DESCRIPTION 


-20 

-25 

-35 



SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

READ Cycle | 

READ cycle time 

X RC 

20 


25 


35 


ns 

4,5 

Address access time (A0-A1 2) 

'AA 


20 


25 


35 

ns 


Chip Enable access time 

'ACE 


20 


20 


25 

ns 


Chip Select access time 

'ACS 


20 


25 


35 

ns 


Output Enable access time 

'AOE 


8 


10 


13 

ns 


Output hold from address change 

kDH 

3 


3 


3 


ns 


Chip Select to output Low-Z 

IZCS 

3 


3 


3 


ns 


Output Enable to output Low-Z 

l LZOE 

2 


2 


2 


ns 


Chip deselect to output High-Z 

TlZCS 


15 


15 


25 

ns 

6 

Output disable to output High-Z 

TlZOE 


10 


10 


14 

ns 

6 

Address latch enable pulse width 

tCALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

VVSL 

4 


4 


6 


ns 


Address hold from latch LOW 

V\HL 

5 


5 


5 


ns 


WRITE Cycle | 

WRITE cycle time 

X \NC 

20 


25 


35 


ns 


Address valid to end of write 

l AW 

15 


18 


25 


ns 


Chip Select to end of write 

*cw 

15 


18 


25 


ns 


Data valid to end of write 

X D\N 

10 


10 


10 


ns 


Data hold from end of write 

l DH 

0 


0 


0 


ns 


Write Enable output in High-Z 

TlZWE 


12 


15 


15 

ns 

6 

Write disable to output in Low-Z 

1ZWE 

3 


3 


3 


ns 


Write pulse width 

tWP 

15 


18 


25 


ns 


CE pulse width (during Chip Enable controlled write) 

l CP 

15 


18 


25 


ns 


Address setup time 

X AS 

0 


0 


0 


ns 


Write recovery time 

<WR 

0 


0 


0 


ns 


Address latch enable pulse width 

'CALEN 

8 


8 


10 


ns 


Address setup to latch LOW 

*ASL 

4 


4 


6 


ns 


Address hold from latch LOW 

'AHL 

5 


5 


5 


ns 



AC TEST CONDITIONS 


Input pulse levels 

Vss to 3.0V 

Input rise and fall times 

3ns 

Input timing reference levels .. 

1 .5V 

Output reference levels 

1.5V 

Output load 

...See Figures 1 and 2 


+5V 



Fig. 1 OUTPUT LOAD 
EQUIVALENT 


+5V 



Fig. 2 OUTPUT LOAD 
EQUIVALENT 


NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. This parameter is sampled. 

4. CVVE is HIGH for a READ cycle. 


5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. t HZCS, t HZOE, and *HZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500mV 
from steady state voltage. 
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READ CYCLE NO. 3 

CWEA = CWEB = Vih 
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| CACHE DATA SRAM 




PRELIMINARY 



MT56C3818 




WRITE CYCLE NO. 1 

(Write Enable Controlled) 



WRITE CYCLE NO. 2 

(Chip Select Controlled) 



DON’T CARE 
S UNDEFINED 
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FIFO PRODUCT SELECTION GUIDE 


Memory 

Control 

Part 

Cycle 

Package and Number of Pins 


Configuration 

Functions 

Number 

Time (ns) 

PDIP 

CDIP 

LCC 

PLCC 

SOJ 

Page 

512x9 

E 

MT52C9005 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-1 

512x9 

PF, E 

MT52C9007 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-13 

1 K x 9 

E 

MT52C9010 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-29 

IK x 9 

PF, E 

MT52C9012 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-41 

2K x 9 

E 

MT52C9020 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-57 

2K x 9 

PF, E 

MT52C9022 

15, 20, 25, 35 

28 

28 

32 

32 

28 

8-69 


E = Expandable Depth and Width, PF = Programmable Flag 
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FIFO 512x9 FIFO 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5mW typ. (standby); 350mW typ. (active) 

• TTL compatible inputs and outputs 

• Asynchronous READ and WRITE 

• Empty, Half-Full and Full Flags 

• Half-full flag in STAND ALONE mode 

• Auto-retransmit capability 

• Fully expandable by width and depth 

• Pin and function compatible with higher density 
standard FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

C 

PLCC 

EJ 

Ceramic LCC 

EC 

SOJ (300 mil) 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty, 
half-full and full flags. While the full flag is asserted, at- 
tempted writes are inhibited. Likewise, while the empty 


PIN ASSIGNMENT (Top View) 


28L DIP 

(A-9, B-9) 


D9[ 2 
D4[ 3 
D3[ 4 
D2[ 5 
D1 | 6 
xi[ 7 
FF[ 
Q1 
Q2 
Q3 


Q4[ 12 
09 [ 13 


] Vcc 
]D5 


26 ]D6 
25 ] D7 


]D8 
] FL/RT 


22 3 RS 
21 JEF 


] XO/HF 

]Q8 

]Q7 


17 ]Q6 
16 ]Q5 
15 ]R 


32L LCC 

(F-4) 


4 3 2 1 32 31 30 



29 D7 
28 D8 
27 

26 FL/RT 
25 RS 

24 It_ 

23 XO/HF 
22 Q8 
21 Q7 


141516 17 18 1920 


28L SOJ 

(E-8) 


W 

D9 

D4 

D3 

D2 

D1 

XI 

FF 

Q1 

Q2 

Q3 

Q4 

Q9 

Vss 


c 1 

28 

[ 2 

27 

[ 3 

26 

[ 4 

25 

[ 5 

24 

C 6 

23 

C 7 

22 

[ 8 

21 

C 9 

20 

C 10 

19 

[ 11 

18 

[ 12 

17 

[ 13 

16 

[ 14 

15 


Vcc 

D5 

D6 

D7 

D8__ 

FL7RT 

RS 

EF 

XO/HF 

Q8 

Q7 

Q6 

Q5 

R 


32L PLCC 

(D-2) 



flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan- 
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada- 
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9005 is speed, 
function and pin compatible with higher density FIFOs 
from Micron. This upward compatibility with IK and 2K 
FIFOs provides a single-chip, depth-expansion solution. 


MT52C9005 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 



D1-D9 


XI 

W 

FL/RT 

RS 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

2 

1 

W 

Input 

Write Strobe: W is taken LOW to write data from the input port 
(D1-D9) into the FIFO memory array. 

18 

15 

R 

Input 

Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (Q1-Q9). 

8 

7 

XI 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 

23 

FL/RT 

Input 

First Load: Acts as first load signal in DEPTH EXPANSION mode. 
FT, if low, will enable the device as the first to be loaded (enables 
read and write pointers). 

FTshould be tied LOW for the first FIFO in the chain, tied HIGH 
for all other FIFOs in the chain. 

Retransmit: Acts as retransmit signal in STAND ALONE mode. 

RT is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pointer to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

7, 6, 5,4,31, 

30, 29, 28, 3 

6, 5, 4, 3, 27 
26, 25, 24, 2 

D1-D9 

Input 

Data Inputs 

24 

21 

EF 

Output 

Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 

8 

FF 

Output 

Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 

20 

XO/HF 

Output 

Expansion Out: Acts as expansion out pin in DEPTH EXPAN- 
SION mode. XO will pulse LOW on the last physical WRITE or 
the last physical READ. XO should be connected to XT of the next 
FIFO in the daisy chain. 

Half-full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than Half-full; will stay 
LOW until the FIFO becomes Half-full or less. 

10,11,13,14, 
19, 20, 21,22,15 

9,10,11,12,16 

17,18,19,13 

Q1-Q9 

Output 

Data Output: Output or high impedance. 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±10% 

16 

14 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9005 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing the half-full flag the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

After Vcc is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND ALONE mode is entered if XI is 
LOW. If XI is connected to XO of another FIFO, the DEPTH 
EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini- 
tiated by the falling edge of W and data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO) /HF is asserted when the half- 
full-plus-one location (512/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRITE to an empty FIFO will cause EF to go HIGH after the 
rising edge of W. When operating in the DEPTH EXPAN- 
SION mode, the last location write to a FIFO will cause XO/ 
(HF) to pulse LOW. This will enable writes to the next FIFO 
in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and the FIFO is not empty (EF is HIGH) . 
The data-out (Q1-Q9) pins will go active (Low-Z) t RLZ after 
the falling edge of R and valid data will appear *A after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full- 
plus-one location is read, (XO)/HF will go HIGH after the 
rising edge of R. When the FIFO is full (FF LOW) and a read 
is initiated, FF will go HIGH after the rising edge of R. When 
operating in the EXPANDED mode, the last location read to 
a FIFO will cause XO/HF to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9005 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 512 writes have 
been performed between resets. When the (FL)/RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
t RTR after (FL) / RT is taken HIGH. The empty, half-full and 
full flags will be affected as specified for the data volume. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising edge of W and access time is measured from the rising 
edge of EF. 
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W 

D1-D9 


FULL 


RS 




R 

Q1-Q9 

Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded- 
depth mode FIFOs. Expanded-width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C9005s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF) and FL/(RT). Figure 1 illus- 
trates a typical three-device expansion. The DEPTH EX- 
PANSION mode is entered during a RESET cycle, by tying 
the XO/(HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/ (RT) pin grounded. The remaining devices in the 
chain will have FL/ (RT) tied HIGH. During RESET cycle, 
XO/(HF) of each device is held HIGH, disabling reads and 


writes to all FIFOs, except the first load device. When the 
last physical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9005. The writes will continue to go to the 
second device until last location WRITE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all the FF pins. On the last physical READ of the 
first device, its XO/(HF) will pulse again. On the falling 
edge of R, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

hr 

HT 

XI 

Read Pointer 

Write Pointer 

HF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1. Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

HR 

FT 

XI 

Read Pointer 

Write Pointer 

IF 

w 

RESET 

First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

i 

RESET 

All other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

i 

READ/WRITE 

1 

X 

(1) 

X 

X 

X 

X 



NOTE: 1 . XI is connected to XO of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
Outputs Open 

Icc 


100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 

ISBI 


15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILl 

-10 

10 

HA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

pA 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ±1 0%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Shift Frequency 

Fs 


40 


33.3 


28.5 


22.2 

MHz 


Access time 

'A 


15 


20 


25 


35 

ns 


Read cycle time 

'RC 

25 


30 


35 


45 


ns 


Read command recovery time 

'RR 

10 


10 


10 


10 


ns 


Read command pulse width 

*RPW 

15 


20 


25 


35 


ns 

6 

Read LOW to Low-Z 

*RLZ 

5 


5 


5 


5 


ns 


Read to HIGH to High-Z 

*RHZ 


15 


15 


18 


20 

ns 


Data hold from R HIGH 

'OR 

5 


5 


5 


5 


ns 


Write cycle time 

*WC 

25 


30 


35 


45 


ns 


Write command pulse width 

tWPW 

15 


20 


25 


35 


ns 

6 

Write command recovery time 

'\NR 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

*WLZ 

5 


5 


5 


5 


ns 

5 

Data setup time 

*DS 

10 


12 


15 


20 


ns 


Data hold time 

'DR 

0 


0 


0 


0 


ns 


Reset cycle time 

>RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

'RSP 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

•rsr 

10 


10 


10 


10 


ns 


Read HIGH to Reset HIGH 

*RRS 

15 


20 


25 


35 


ns 


Write HIGH to Reset HIGH 

tWRS 

15 


20 


25 


35 


ns 


Retransmit cycle time 

'RTC 

25 


30 


35 


45 


ns 


Retransmit pulse width 

t RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

tRTR 

10 


10 


10 


12 


ns 


Retransmit setup time 

'RTS 

15 


20 


25 


35 


ns 


Reset to EF LOW 

l EFL 


25 


30 


35 


45 

ns 


Reset to HF FF HIGH 

^FH, *FFH 


25 


30 


35 


45 

ns 


Read LOW to EFLOW 

'REF 


20 


20 


25 


35 

ns 


Read HIGH to FF HIGH 

l RFF 


20 


20 


25 


35 

ns 


Write LOW toFFLOW 

*WFF 


20 


20 


25 


35 

ns 


Write HIGH to EF HIGH 

* WEF 


20 


20 


25 


35 

ns 


Write LOW to HF LOW 

*WHF 


25 


30 


35 


45 

ns 


Read HIGH to HF HIGH 

•rhf 


25 


30 


35 


45 

ns 


Read pulse after EF HIGH 

l RPE 

15 


20 


25 


35 


ns 

5 

Write pulse width after FF HIGH 

l WPF 

15 


20 


25 


35 


ns 

5 

Read/Write toXOLOW 

*XOL 


20 


20 


25 


35 

ns 


Read/Write to XO HIGH 

*XOH 


20 


20 


25 


35 

ns 


XT pulse width 

'X\P 

15 


20 


25 


35 


ns 


XT setup Time 

•xis 

10 


12 


15 


15 


ns 


XT recovery time 

•XIR 

10 


10 


10 


10 


ns 



NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 


4. This parameter is sampled. 

5. Flow-through mode only. 

6. Pulse widths less than minimum are not allowed. 
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AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


Q — 
333 


+5V 


=j=: 30 pF 

V 


Fig. 2 

OUTPUT LOAD EQUIVALENT 


RESET 



ASYNCHRONOUS READ AND WRITE 


1 RC 1 RPW 



m 


DON’T CARE 


K5 UNDEFINED 
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EMPTY FLAG 


LAST READ IGNORED FIRST WRITE ADDITIONAL 

READ WRITES 


FULL FLAG 


LAST WRITE IGNORED FIRST READ ADDITIONAL FIRST WRITE 

WRITE READS I ! 


HALF-FULL FLAG 


HALF-FULL OR LESS 


HALF-FULL OR LESS 



DON’T CARE 


UNDEFINED 


© 






ADVANCE 
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EXPANSION MODE (XO) 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



Y//\ DON’T CARE 
UNDEFINED 



NOTE: XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 



UNDEFINED 
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FIFO 512x9 FIFO 

WITH PROGRAMMABLE FLAGS 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5mW typical (standby); 350mW typical 
(active) 

• TTL compatible inputs and outputs 

• Asynchronous READ and WRITE 

• Two fully configurable Almost Full and Almost Empty 
Flags 

• Programmable Half Full Flag or Full /Empty Flag 
option eliminates external counter requirement 

• Register loading via the input or output pins 

• Auto-retransmit capability in single-device mode 

• Fully expandable by width and depth 

• Pin and function compatible with standard FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

C 

PLCC 

EJ 

Ceramic LCC 

EC 

Plastic SOJ 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual-port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 

When not configured, the MT52C9007 defaults to a stan- 
dard FIFO with empty (EF), full (FF) and half-full 


PIN ASSIGNMENT (Top View) 


28L/DIP 

(A-9, B-9) 


wc 

1* 

28 

] Vcc 

D9 [ 

2 

27 

] D5 

D4 [ 

3 

26 

] D6 

D3 C 

4 

25 

] D7 

D2 C 

5 

24 

] D8 

D1 r 

6 

23 

] FL/RT/DIR 

XI t 

7 

22 

] RS 

FF/AFF f 

8 

21 

] EF/AEF 

QI [ 

9 

20 

] XO/HF/F E 

Q2 £ 

10 

19 

1 Q8 

Q3t 

11 

18 

] Q7 

Q4 [ 

12 

17 

] Q6 

Q9 [ 

13 

16 

] Q5 

GND t 

14 

15 

] R 


28L/SOJ 

(E-8) 


W 

D9 

D4 

D3 

D2 

D1 

XI 

FF/AFF 

Q1 

Q2 

Q3 

Q4 

Q9 

GND 


] Vcc 
D5 
D6 
D7 

] D8 

] FL/RT/DIR 

] RS 

] EF/AEI F_ _ 
XO/HF/F E 
Q8 
] Q7 
] Q6 
] Q5 
R 


1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 


32L/LCC 32L/PLCC 

(F-4) (D-2) 


DolizIoiS 
4 3 2 1 32 3130 


D3 5 
D2 6 
01 7 

XI 8 

FF/AFF 9 
qi io 
Q2 11 
NC 12 
Q3 13 


14 1516 17 18 19 20 
SSgoKr §§ 



29 D7 
28 D8 
27 NC_ 

26 FL/RT/DIR 

25 RS 

24 EF/AEF _ 
23 XO/HF/F E 
22 Q8 
21 Q7 


Q q|5 z > q q 



07 


NC 

FL/RT/DIR 

RS 

EF/AEF _ 
XO/HF/F E 


Q7 


s§ii iK ss 


(HF) flag pins. The MT52C9007 can be configured for pro- 
grammable flags by loading the internal flag registers (as 
described under "Register Load Mode" on page 8-17). In 
configured mode, up to three flags are provided. The first 
two are the almost empty flag (AEF) and the almost full flag 
(AFF) with independently programmable offsets. The third 
one is either an HF or a full and empty (F E) flag, depending 
on the bit configuration of the registers. A retransmit pin 
allows data to be re-sent on the receiver's request when the 
FIFO is in the STAND ALONE mode. 

The depth and/or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9007 is speed, 
function and pin compatible with higher density FIFOs 
from Micron. This upward compatibility with IK and 2K 
FIFOs provides a single-chip depth-expansion solution. 


MT52C9007 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 



D1-D9 



FF/AFF EF/AEF 


RS 

FL/RT/DIR 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 

1 

W 

Input 

Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 

15 

R 

Input 

Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 

7 

XT 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 

23 

FL/RT/DIR 

Input 

First Load/Retransmit/Direction: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7, 6, 5, 4, 31,30 
29, 28, 3 

6, 5, 4, 3, 27 

26, 25, 24, 2 

D1-D9 

Input 

Data Inputs: Data on these lines are stored in the memory array 
or flag registers during array WRITE or register programming, 
respectively. 

24 

21 

EF/AEF 

Output 

Empty Flag/Almost Empty Flag: This output pin indicates the 

FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 

8 

FF/AFF 

Output 

Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 

20 

XO/HF/FE 

Output 

Expansion Out/Half Full/Full/Empty: This pin’s function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 

Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 
19, 20, 21,22,15 

9,10,11,12,16 

17,18,19,13 

Q1-Q9 

I/O 

Data Output: These pins may be used for data retrieval. The pins 
become inputs during register loading with DIR input HIGH. The 
outputs are disabled (High-Z) during device idle (R = HIGH). 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±10% 

16 

14 

GND 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9007 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing half-full flags , the 
XO/HF/FEpin will be shown as (XO)/HF/(FE). 

RESET 

After Vcc is stable, Reset (RS) must be taken LOW with 
both R and W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
■■■ will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND ALONE m ode is entered if XI is 
tied LOW. If XI is connected to XO/(HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW and the FIFO is not full. The WRITE cycle is 
initiated by the falling edge of W. Data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, FF will be asserted (LOW) 
after the falling edge of W. While the FF is asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSI ON m ode, the last location write to a FIFO will 
cause XO/ (HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is High). 
The data-out (Q1-Q9) pins will go active (Low-Z) tRLZ after 
the falling edg£ of R. Valid data will appear t A after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While the EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
full and a READ is initiated, the FF will go HIGH after the 
rising edge of R. When operating in the expanded mode, the 
last location read from a FIFO will cause XO/(HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9007 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 512 writes have been per- 
formed between resets. When the (FL)/RT/(DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
start reading the data from the beginning of the FIFO *RTR 
after (FL)/RT/(DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a flow-through READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge of W, and access time is measured from the rising edge 
of the empty flag. 
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REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or F/E flag (DIP package pin 
20 ). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

REGISTER SET FOR MT52C9007 


Almost Full Flag Register (AFFR) 



HF/FE Reserved Offset Bits 


Almost Empty Flag Register (AEFR) 



Reset Reserved Offset Bits 

Locking 


Note that bits 0-5 are used for offset setting. The offset 
value ranges from 1 to 63 words. Each offset value corre- 
sponds to a 2-byte increment. This provides a maximum 
offset of 126 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for configuration of HF/F E pin. When 
this bit is set LOW, the HF/F E pin is configured as an HF 
flag output. When it is set high, the HF/F E is configured as 
an F/E flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro- 
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers may be reconfigured without 
device reset. The part may be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW f RS after 


the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This 
loading order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys- 
tems (each system capable of READ and WRITE opera- 
tions) can be achieved by using two MT52C9007s. Care 
must be taken to assure that the appropriate flag is moni- 
tored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode. In the 
NONCONFIGURED mode, the three flags are HF, EF and 
FF. The HF flag goes active when more than half the FIFO 
is full. The flag goes inactive when the FIFO is half full or 
less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
or read out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ /WRITE cycle initiation of the location 
corresponding to the programmed offset value. For ex- 
ample, if the AEFR is progra mmed with a 10-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

The third flag in the PROGRAM mode is either HF or 
F/E flag depending on the state of the highest bit of the 
AFFR. If the device is programmed for HF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de- 
vice is configured for F/E flag, the pin will be active (LOW) 
when the FIFO is either empty or fulLThe condition of the 
FIFO is determined by the state of F/E togeth er wit h states 
of AFF and AEF (example: if F/E is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 
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W 

D1-D9 


FULL 


RS 



- Q1-Q9 
Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX- 
PANDED DEPTH mode FIFOs. Expanded width operation 
isachieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9007s may be cascaded to expand the 
depth of the FIFO buffer. Thre e pins are used to expand the 
memory depth, Xl, XO/(HF/F E) and FL/(RT/DIR). Fig- 
ure 1 illustrates a typical three-device expansion. The depth- 
expansion mode is entered by tying the XO/(HF/F E) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FL/ (RT/DIR) pin 
grounded. The remaining devices in the chain will have 
FL / (RT /DIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the first load device. When the 


l ast p hysical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9007. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF / (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge of R, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The read pointer never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pins being LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 


FF 

FT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1 . Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

FF 

FT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

RESET 

First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

RESET 

All other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

READ/WRITE 

1 

X 

(1) 

X 

X 

X 

X 


NOTE: 1 . XI is connected to XO of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, FiF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 


(0°C < T A < 70°C; VCC = 5.0V ± 1 0%) 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-15 

-20 

-25 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
f = MAX = 1/ l RC 

Outputs Open 

Icc 


120 

115 

110 

100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 
f = MAX = 1/*RC 

ISBI 


15 

15 

15 

15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

5 

5 

5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

10 

10 

10 

HA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-10 

10 

10 

10 

10 

ma 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 





V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 





0.4 

V 

1 


CAPACITANCE 

(Vin = 0V; Vout = 0V) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured and nonconfigured modes) (0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN 1 MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

READ Cycle 

Shift frequency 

t RF 


40 


33.3 


28.5 


22.2 

MHz 


READ cycle time 

'RC 

25 


30 


35 


45 


ns 


Access time 

l A 


15 


20 


25 


35 

ns 

6 

READ recovery time 

>RR 

10 


10 


10 


10 


ns 


Read pulse width 

*RPW 

15 


20 


25 


35 


ns 


Read LOW to Low-Z 

>RLZ 

5 


5 


5 


5 


ns 

7 

Read to HIGH to High-Z 

TlHZ 


15 


15 


18 


20 

ns 

7 

Data HOLD from R HIGH 

x OH 

5 


5 



5 


5 


ns 


WRITE Cycle j 

WRITE cycle time 

*WC 

25 


30 


35 


45 


ns 


Write pulse width 

*WPW 

15 


20 


25 


35 


ns 

6 

WRITE recovery time 

*WR 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

*WLZ 

5 


5 


5 


5 


ns 

5,7 

Data setup time 

X DS 

10 


12 


15 


18 


ns 


Data hold time 

l DH 

0 


0 


0 


0 


ns 


RETRANSMIT Cycle j 

Restransmit cycle time 

tRTC 

25 


30 


35 


45 


ns 


Retransmit pulse width 

t RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

X RTR 

10 


10 


10 


12 


ns 


Retransmit command setup time 

'RTS 

15 


20 


25 


35 


ns 


RESET Cycle j 

RESET cycle time 
(no register programming) 

'RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

*RSP 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

*RSR 

10 


10 


10 


10 


ns 


RS LOW to R LOW 

'RS 

15 


20 


25 


35 


ns 


Reset and register programming 
cycle time 

l RSPC 

85 


100 


115 


145 


ns 


R LOW to DIR valid (register load cycle) 

*RDV 

5 


5 


5 


5 


ns 


R LOW to register load 

*RW 

10 


10 


10 


10 


ns 


WHIGH to RS LOW 

M/RS 

0 


0 


0 


0 


ns 


R HIGH to RS LOW 

! RRS 

0 


0 


0 


0 


ns 



NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Data flow-through data mode only. 


6. Pulse widths less than minimum are not allowed. 

7. Values guaranteed by design, not currently tested. 

8. R and DIR signals must go inactive (HIGH) coinci- 
dent with RS going inactive (HIGH). 

9. DIR must become valid before W goes active (LOW). 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured mode only) (T A = 0°C to 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN | MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

Expansion Mode Timing j 

R/W to XO LOW 

^OL 


20 


20 


25 


35 

ns 





20 


20 


25 


35 

ns 


XT pulse width 

'XIP 

15 


20 


25 


35 


ns 


XT command setup time to R/W 

*XIS 

10 


12 


15 


15 


ns 


XT command recovery time 

'XIR 

10 


10 


10 


10 


ns 


Flags Timing | 

W HIGH to Flags Valid 

tWFV 


15 


15 


15 


15 

ns 


RS to EF LOW 

*EFL 


25 


30 


35 


45 

ns 


R LOW toEFLOW 

'REF 


20 


20 


25 


35 

ns 


W HIGH to EFHIGH 

'WEF 


20 


20 


25 


35 

ns 


R pulse after EF HIGH 

•RPE 

15 


20 


25 


35 


ns 

5 

RS to HF, FF HIGH 

*HFH, 'FFH 


25 


30 


35 


45 

ns 


RHIGHtoFF 

<RFF 


15 


20 


25 


30 

ns 


W LOW to FF LOW 

*WFF 


20 


20 


25 


35 

ns 


W pulse width after FF HIGH 

*WPF 

15 


20 


25 


35 


ns 

5 

W LOW to HF LOW 

*whf 


25 


30 


35 


45 

ns 


R~HIGH to HF HIGH 

*RHF 


25 


30 


35 


45 

ns 


RHIGH toAFF 

tRAFF 


25 


30 


35 


45 

ns 


W LOW to £FF 

l WAFF 


25 


30 


35 


45 

ns 


R LOW to AEF LOW 

^AEF 


25 


30 


35 


45 

ns 


W HIGH to AEF 

tWAEF 


25 


30 


35 


45 

ns 



AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


Q — 
333 


+5V 


| 500 
4= 30 pF 


V 


Figure 2 

OUTPUT LOAD EQUIVALENT 
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RESET 

(WITH NO REGISTER PROGRAMMING) 



ASYNCHRONOUS READ AND WRITE 



7JJ[ DON’T CARE 
UNDEFINED 






PRELIMINARY 


I^IIGZROIM MT52C9007 

■ TECHNOLOGY, INC. 


EMPTY FLAG 



FULL FLAG 



HALF-FULL FLAG 

(FOR CONFIGURED AND NONCONFIGURED MODES) 



Ylh DON’T CARE 
[$& UNDEFINED 
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EXPANSION MODE (XO) 


WRITE TO LAST PHYSICAL WRITE TO FI RST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



XO(1) 


Q1-Q9 


READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



NOTE: 1 . XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE (XI) 


w 


WRITE TO FIRST PHYSICAL LOCATION 

NJ 


XI 




l XIS 


l XIP 


K 


/ 


l XIR 


r 




x x\s 


READ FROM FIRST 
PHYSICAL LOCATION 




f 


DON’T CARE 
UNDEFINED 
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FIFO IK x 9 FIFO 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5mW typ. (standby); 350mW typ. (active) 

• TTL compatible inputs and outputs 

• Asynchronous and simultaneous READ and WRITE 

• Empty, Half-Full and Full Flags 

• Half-Full Flag capability in STAND ALONE mode 

• Auto-retransmit capability 

• Fully expandable by width and depth 

• Pin and function compatible with higher density 
standard FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

c 

PLCC 

EJ 

Ceramic LCC 

EC 

SOJ (300 mil) 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty, 
half-full and full flags. While the full flag is asserted, at- 
tempted writes are inhibited. Likewise, while the empty 


PIN ASSIGNMENT (Top View) 


28L DIP 28L SOJ 

(A-9, B-9) (E-8) 


WrfT^ 
D9[ 2 
04 [ 3 

03 [ 4 
D2[ 5 
D1 [ 6 
X?l 7 
FF [ 8 
Q1 1 9 
Q2[ 10 
Q3[ 11 

04 [ 12 


Vss Q 1 4 15 


r 28 ] Vcc 
27 JDS 
26 ]D6 
25 JD7 
24 JD8 


pFLVRT 

RS 

JEF 

]X0/HF 

]Q8 

]Q7 


hR 


W 

D9 

D4 

D3 

D2 

D1 

XI 

FF 

Q1 

Q2 

Q3 

Q4 

Q9 

Vss 


c i 

28 1 

[ 2 

27 ] 

[ 3 

26 ] 

[ 4 

25 ] 

[ 5 

24 ] 

[ 6 

23 ] 

[ 7 

22 ] 

[ 8 

21 ] 

C 9 

20 ] 

[ 10 

19 ] 

[ 11 

18 ] 

[ 12 

17 ] 

[ 13 

16 ] 

[ 14 

15 ] 


Vcc 

D5 

D6 

D7 

D8 

FL/RT 

RS 

EF 

XO/HF 

Q8 

Q7 

Q6 

Q5 

R 


32L LCC 

(F-4) 


4 3 2 1 32 31 30 



14 1516 17 18 1920 

SS|i |a: SS 


32L PLCC 

(D-2) 


CD t -_ O O LO CD 
Q Q|^ > O O 



flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan- 
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada- 
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and / or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9010 is speed, 
function and pin compatible with higher density FIFOs 
from Micron. This upward compatibility with the 2K x 9 
FIFO provides a single-chip, depth-expansion solution. 


MT52C901 0 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 


R 


D1-D9 


XI 

W 

FL/RT 

RS 



Q1-Q9 


XO/HF 


EF 

FF 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

2 

1 

w 

Input 

Write Strobe: W is taken LOW to write data from the input port 
(D1-D9) into the FIFO memory array. 

18 

15 

R 

Input 

Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (Q1-Q9). 

8 

7 

XI 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 

23 

FL/RT 

Input 

First Load: Acts as first load signal in DEPTH EXPANSION mode. 
FT if low, will enable the device as the first to be loaded (enables 
read and write pointers). 

FL should be tied low for the first FIFO in the chain, tied high for 
all other FIFOs in the chain 

Retransmit: Acts as retransmit signal in STAND ALONE mode. 

R T is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pointer to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

7, 6, 5, 4, 31, 

30, 29, 28, 3 

6, 5, 4, 3, 27 
26, 25, 24, 2 

D1-D9 

Input 

Data Inputs 

24 

21 

EF 

Output 

Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 

8 

FF 

Output 

Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 

20 

XO/HF 

Output 

Expansion Out: Acts as expansion out pin in DEPTH EXPAN- 
SION mode. XO will pulse LOW on the last physical WRITE or 
the last physical read. XO should be connected to XT of the next 
FIFO in the daisy chain. 

Half-Full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than half -full; will stay 
LOW until the FIFO becomes half-full or less. 

10,11,13,14, 
19, 20, 21,22,15 

9,10,11,12,16 

17,18,19,13 

Q1-Q9 

Output 

Data Output: Output or high impedance. 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

16 

14 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9010 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing the half-full flags the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

After Vcc is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND AL ONE mode is entered if XI is 
LOW. If Xl is tied to XO/(HF) of another FIFO, the DEPTH 
EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe ( W) pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini- 
tiated by the falling edge of W and data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO)/HF is asserted when the half- 
full-plus-one location (1024/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRITE to an empty FIFO will cause EF to go HIGH after the 
rising edge of W. When operating in the DEPTH EXPAN- 
SION mode, write to the last location of the FIFO will cause 
XO/(HF) to pulse LOW. This will enable writes to the next 
FIFO in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and the FIFO is not empty (EF is HIGH) . 
The data-out (Q1-Q9) pins will go active (Low-Z) *RLZ after 
the falling edge of R and valid data will appear *A after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full- 
plus-one location is read, (XO)/HF will go HIGH after the 
rising edge of R. When the FIFO is full (FF LOW) and a read 
is initiated, FF will go HIGH after the rising edge of R. When 
operating in the EXPANDED mode, the last location read to 
a FIFO will cause XO/ (HF) to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9010 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 1024 writes have 
been performed between resets. When the (FL)/RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
’RTR after (FL)/RT is taken HIGH. The empty, half-full and 
full flags will be affected as specified for the data volume 
(useful only in SINGLE mode with no wraparound). 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising edge of W and access time is measured from the rising 
edge of EF. 
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W 

D1-D9 


FULL 


RS 



R 

Q1-Q9 

Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded- 
depth mode FIFOs. Expanded-width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C9010s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF) and FL/(RT). Figure 1 illus- 
trates a typical three-device expansion. The DEPTH EX- 
PANSION mode is entered during a RESET cycle, by tying 
the XO/(HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/ (RT) pin grounded. The remaining devices in the 
chain will have FL/(RT) tied HIGH. During RESET cycle, 
XO/ (FIF) of each device is held HIGH, disabling reads and 


writes to all FIFOs, except the first load device. When the 
last physical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9010. The writes will continue to go to the 
second device until last location WRITE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all theFF p ins. On the last physical READ of the 
first device, its XO/ (HF) will pulse again. On the falling 
edge of R, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 


RS 

FT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1 . Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

RS 

FL 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

RESET 

First Device 

0 

0 

(i) 

Location Zero 

Location Zero 

0 

1 

RESET 

All other Devices 

0 

1 

(i) 

Location Zero 

Location Zero 

0 

1 

READ/WRITE 

1 

X 

0) 

X 

X 

X 

X 


NOTE: 1 . XI is connected to XO of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
Outputs Open 

Icc 


100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 

ISBI 


15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

pA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

pA 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ±1 0%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Shift Frequency 

Fs 


40 


33.3 


28.5 


22.2 

MHz 


Access time 



15 


20 


25 


35 

ns 


Read cycle time 

*RC 

25 


30 


35 


45 


ns 


Read command recovery time 

*RR 

10 


10 


10 


10 


ns 


Read command pulse width 

*RPW 

15 


20 


25 


35 


ns 

6 

Read LOW to Low-Z 

'RLZ 

5 


5 


5 


5 


ns 


Read to HIGH to High-Z 

•RHZ 


15 


15 


18 


20 

ns 


Data hold from R HIGH 

x OR 

5 


5 


5 


5 


ns 


Write cycle time 

MC 

25 


30 


35 


45 


ns 


Write command pulse width 

MPW 

15 


20 


25 


35 


ns 

6 

Write command recovery time 

Mr 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

Mlz 

5 


5 


5 


5 


ns 

5 

Data setup time 

t>S 

10 


12 


15 


20 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


ns 


Reset cycle time 

>RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

<RSP 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

tRSR 

10 


10 


10 


10 


ns 


Read HIGH to Reset HIGH 

*RRS 

15 


20 


25 


35 


ns 


Write HIGH to Reset HIGH 

Mrs 

15 


20 


25 


35 


ns 


Retransmit cycle time 

*RTC 

25 


30 


35 


45 


ns 


Retransmit pulse width 

X RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

*RTR 

10 


10 


10 


12 


ns 


Retransmit setup time 

t RTS 

15 


20 


25 


35 


ns 


Reset to EF LOW 

*EFL 


25 


30 


35 


45 

ns 


Reset to HfFFHIGH 

TlFH, tFFH 


25 


30 


35 


45 

ns 


Read LOW toEFLOW 

tREF 


20 


20 


25 


35 

ns 


Read HIGH to FF HIGH 

*RFF 


20 


20 


25 


35 

ns 


Write LOW to FFLOW 

mff 


20 


20 


25 


35 

ns 


Write HIGH to EF HIGH 

*WEF 


20 


20 


25 


35 

ns 


Write LOW to HF LOW 

Mhf 


25 


30 


35 


45 

ns 


Read HIGH to HF HIGH 

•rhf 


25 


30 


35 


45 

ns 


Read pulse after EF HIGH 

•rpe 

15 


20 


25 


35 


ns 

5 

Write pulse width after "FF HIGH 

<WPF 

15 


20 


25 


35 


ns 

5 

Read/Write toXOLOW 

'XOL 


20 


20 


25 


35 

ns 


Read/Write to XO HIGH 

*XOH 


20 


20 


25 


35 

ns 


XT pulse width 

*XIP 

15 


20 


25 


35 


ns 


XT setup Time 

l XIS 

10 


12 


15 


15 


ns 


XT recovery time 

<XIR 

10 


10 


10 


10 


ns 



NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 


4. This parameter is sampled. 

5. Flow-through mode only. 

6. Pulse widths less than minimum are not allowed. 
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AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


Q — 
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i 


+5V 


30 pF 

V 


Fig. 2 

OUTPUT LOAD EQUIVALENT 


RESET 


1 RSC 


t RSP(6) 



ASYNCHRONOUS READ AND WRITE 


*RC tRPW 




m 


DON'T CARE 


K5| UNDEFINED 
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EMPTY FLAG 


LAST READ IGNORED FIRST WRITE ADDITIONAL 

READ WRITES 


FULL FLAG 


LAST WRITE IGNORED FIRST READ ADDITIONAL FIRST WRITE 

WRITE READS 


HALF-FULL FLAG 


HALF-FULL OR LESS 


MORE THAN 
HALF-FULL 


HALF-FULL OR LESS 
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EXPANSION MODE (XO) 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



NOTE: XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE (XI) 


WRITE TO FIRST PHYSICAL LOCATION 



UNDEFINED 
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FIFO 1 K x 9 FIFO 

WITH PROGRAMMABLE FLAGS 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5m W typical (standby); 350m W typical 
(active) 

• TTL compatible inputs and outputs 

• Asynchronous READ and WRITE 

• Two fully configurable Almost Full and Almost Empty 
Flags 

• Programmable Half Full Flag or Full /Empty Flag 
option eliminates external counter requirement 

• Register loading via the input or output pins 

• Auto-retransmit capability in single-device mode 

• Fully expandable by width and depth 

• Pin and function compatible with standard FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

C 

PLCC 

EJ 

Ceramic LCC 

EC 

Plastic SOJ 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual-port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 

When not configured, the MT52C9012 defaults to a stan- 
dard FIFO with empty (EF), full (FF) and half-full 


PIN ASSIGNMENT (Top View) 


28L/DIP 28L/SOJ 

(A-9, B-9) (E-8) 


w 

1* 

28 

] Vcc 

D9C 

2 

27 

] D5 

D4f 

3 

26 

] D6 

D3 ti 

4 

25 

] D7 

D2 I] 

5 

24 

] D8 

D1 

6 

23 

] FL/RT/DIR 

XI L 

7 

22 

] RS 

FF/AFF [ 

8 

21 

] EF/AEF 

Q1 E 

9 

20 

] XO/HF/F E 

Q2G 

10 

19 

] Q8 

Q3 C 

11 

18 

] Q7 

Q4C 

12 

17 

] Q6 

Q9t 

13 

16 

] Q5 

GNDC 

14 

15 

] R 


W [ 
D9 [ 
D4 [ 
D3 [ 
D2 [ 
D1 [ 

_ _*1 C 
FF/AFF [ 
Q1 [ 
Q2 [ 


Q3 C 11 
Q4 [ 12 


] Vcc 
] D5 
] D6 
] D7 
] R8_ 

] FL/RT/DIR 
] RS 

] ef/aef_ _ 

] XO/HF/F E 
] Q8 
] Q7 
] Q6 
] Q5 
] R 


32L/LCC 32L/PLCC 

(F-4) (D-2) 


3 8 15 i £ 8 8 




/TT 

CS, OJ o 

4 3 2 1 32 3130 



D3 [ 

5 

• °29 




D2 I 

6 

28 

.:'j LJ a. 

29 

D7 

D1[ 

7 

27 


27 

NC 

XII 

8 

26 

.it r:. 

26 

FL/RT/DIR 

FF/AFF I 

9 

25 


25 

RS 

Q1[ 

10 

24 


24 

EF/AEF 

Q2 [ 

11 

23 


23 

XO/HF/F E 

NCI 

12 

22 

B /j 

22 

21 

Q8 

Q7 

Q3I 

13 

21 




2 2 

16 

17 

18 

19 

20 


141516 17 1 

s§ig |a 


19 20 
8 8 


EF/AEF_ 
XO/HF/F E 


(HF) flag pins. The MT52C9012 can be configured for pro- 
grammable flags by loading the internal flag registers (as 
described under "Register Load Mode" on page 8-45). In 
CONFIGURED mode, up to three flags are provided. The 
first two ar e the almost empty flag ( AEF) and the almost full 
flag (AFF) with independently programmable offsets. The 
third one is either an HF or a full and empty (F E) flag, de- 
pending on the bit configuration of the registers. A retrans- 
mit pin allows data to be re-sent on the receiver's request 
when the FIFO is in the stand-alone mode. 

The depth and / or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9012 is speed, 
function and pin compatible with higher and lower density 
FIFOs from Micron. This upward compatibility with 2K 
FIFOs provides a single-chip depth-expansion solution. 


MT52C9012 
REV. 1/91 
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CONTROL 


FUNCTIONAL BLOCK DIAGRAM 


FLAG 

REGISTER 

AND 

CONTROL 

LOGIC 


WRITE 

POINTER 


READ 

POINTER 


READ 

CONTROL 


EXPANSION 

LOGIC 


FF/AFF EF/AEF 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 

1 

W 

Input 

Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 

15 

R 

Input 

Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 

7 

XT 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO) of the 
previous device in the daisy chain. 

26 

23 

FL/RT/DIR 

Input 

First Load/Retransmit/Direction: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7, 6, 5, 4, 31,30 
29, 28, 3 

6, 5, 4, 3, 27 
26, 25, 24, 2 

D1-D9 

Input 

Data Inputs: Data on these lines are stored in the memory array 
or flag registers during array WRITE or register programming, 
respectively. 

24 

21 

EF/AEF 

Output 

Empty Flag/Almost Empty Flag: This output pin indicates the 

FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 

8 

FF/AFF 

Output 

Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 

20 

XO/HF/FE 

Output 

Expansion Out/Half Full/Full/Empty: This pin’s function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 

Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 
19, 20, 21,22,15 

9,10,11,12,16 

17,18,19,13 

Q1-Q9 

I/O 

Data Output: These pins may be used for data retrieval. The pins 
become inputs during register loading with DIR input HIGH. The 
outputs are disabled (High-Z) during device idle (R = HIGH). 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±10% 

16 

14 

GND 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9012 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins, the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing half-full flags, the 
XO/HF/FEpin will be shown as (XO)/HF/(FE). 

RESET 

After Vcc is stable. Reset (RS) must be taken LOW with 
both R and W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND ALONE mode is entered if XI is 
tied LOW. If XI is connected to XO/(HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW and if the FIFO is not full. The WRITE cycle 
is initiated by the falling edge of W. Data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, FF will be asserted (LOW) 
after the falling edge of W. While FF is asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSI ON m ode, the last location write to a FIFO will 
cause XO/ (HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is HIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) *RLZ after 
the falling edge of R. Valid data will appear *A after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While 
EF is asserted LOW, any attempted reads will be inhibited 
and the outputs will stay inactive (High-Z). When the FIFO 
is full and a READ is initiated, the FF will go HIGH after the 
rising edge of R. When operating in the expanded mode, the 
last location read from a FIFO will cause XO / (HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9012 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 1024 writes have been per- 
formed between resets. When the (FL)/RT/(DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
start reading the data from the beginning of the FIFO t RTR 
after (FL)/RT/ (DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge of W, and access time is measured from the rising edge 
of the empty flag. 
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REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or F/E flag (DIP package pin 
20). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

REGISTER SET FOR MT52C9012 


Almost Full Flag Register (AFFR) 



HF/FE Reserved Offset Bits 


Almost Empty Flag Register (AEFR) 



Reset Reserved Offset Bits 

Locking 


Note that bits 0-6 are used for offset setting. The offset 
value ranges from 1 to 127 words. Each offset value corre- 
sponds to a 2-byte increment. This provides a maximum 
offset of 254 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for configuration of HF/F E pin. When 
this bit is set LOW, the HF/F E pin is configured as an HF 
flagoutput. When it is set high, the HF/F E is configured as 
an F/E flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro- 
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers can be reconfigured without 
device reset. The part can be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW t RS after 


the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This load- 
ing order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys- 
tems (each system capable of READ and WRITE opera- 
tions) can be achieved by using two MT52C9012s. Care 
must be taken to assure that the appropriate flag is moni- 
tored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode, hy the 
NONC ONF IGURED mode, the three flags are HF, EF and 
FF. The IFF flag goes active when more than half the FIFO 
is full. The flag goes inactive when the FIFO is half full or 
less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
or read out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ/ WRITE cycle initiation of the location 
corresponding to the programmed offset value. For ex- 
ample, if the AEFR is programmed with a 10-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

_ The third flag in the PROGRAM mode is either HF or 
F/E flag depending on the state of the highest bit of the 
AFFR. If the device is programmed for FIF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de- 
vice is configured for F/E flag, the pin will be active (LOW) 
when the FIFO is either empty or fulL_The condition of the 
FIFO is determined by the state of F/E togeth er wit h states 
of AFF and AEF (example: if F/E is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 
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W 

D1-D9 


FULL 


RS 



R 

Q1-Q9 

Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX- 
PANDED DEPTH mode FIFOs. Expanded width operation 
is achieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9012s may be cascaded to expand the 
depth of the FIFO buffer. Three pin s are used to expand the 
memory depth, XI, XO/(HF/F E) and FL/(RT/DIR). Fig- 
ure 1 illustrates a typical three-device expansion. The depth- 
expansion mode is entered by tying the XO/(HF/F E) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FL/(RT/DIR) pin 
grounded. The remaining devices in the chain will have 
FL/(RT/DIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the first load device. When the 


last physical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9012. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF/ (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge of R, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The read pointer never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pins being LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 


R5 

wr 

XI 

Read Pointer 

Write Pointer 

IF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1. Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

K5 

FL 

Xl 

Read Pointer 

Write Pointer 

IF 

FF 

RESET 

First Device 

0 

0 

(i) 

Location Zero 

Location Zero 

0 

1 

RESET 

All other Devices 

0 

1 

(i) 

Location Zero 

Location Zero 

0 

1 

READ/WRITE 

1 

X 

(i) 

X 

X 

X 

X 


NOTE: 1. XI is connected to XO of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 


(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-15 

-20 

-25 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
f = MAX = 1 / l RC 

Outputs Open 

Icc 


120 

115 

110 

100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 
f = MAX= 1/'RC 

ISBI 


15 

15 

15 

15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

5 

5 

5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILl 

-10 

10 

10 

10 

10 

pA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-10 

10 

10 

10 

10 

pA 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 





V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 





0.4 

V 

1 


CAPACITANCE 

(Vin = 0V; Vout = 0V) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured and nonconfigured modes) (0°C < T A < 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN | MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

READ Cycle j 

Shift frequency 

*RF 


40 


33.3 


28.5 


22.2 

MHz 


READ cycle time 

<RC 

25 


30 


35 


45 


ns 


Access time 

*A 


15 


20 


25 


35 

ns 

6 

READ recovery time 

X RR 

10 


10 


10 


10 


ns 


Read pulse width 

*RPW 

15 


20 


25 


35 


ns 


Read LOW to Low-Z 

*RLZ 

5 


5 


5 


5 


ns 

7 

Read to HIGH to High-Z 

*rhz 


15 


15 


18 


20 

ns 

7 

Data HOLD from R HIGH 

x OH 

5 


5 


5 


5 


ns 


WRITE Cycle j 

WRITE cycle time 

X \NC 

25 


30 


35 


45 


ns 


Write pulse width 

tWPW 

15 


20 


25 


35 


ns 

6 

WRITE recovery time 

*WR 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

•WLZ 

5 


5 


5 


5 


ns 

5,7 

Data setup time 

'DS 

10 


12 


15 


18 


ns 


Data hold time 

'DH 

0 


0 


0 


0 


ns 


RETRANSMIT Cycle | 

Restransmit cycle time 

•rtc 

25 


30 


35 


45 


ns 


Retransmit pulse width 

l RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

l RTR 

10 


10 


10 


12 


ns 


Retransmit command setup time 

l RTS 

15 


20 


25 


35 


ns 


RESET Cycle | 

RESET cycle time 
(no register programming) 

X RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

•rsp 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

'rsr 

10 


10 


10 


10 


ns 


RS LOW to R LOW 

'RS 

15 


20 


25 


35 


ns 


Reset and register programming 
cycle time 

'RSPC 

85 


100 


115 


145 


ns 


R LOW to DIR valid (register load cycle) 

t RDV 

5 


5 


5 


5 


ns 


R LOW to register load 

*RW 

10 


10 


10 


10 


ns 


W HIGH to RS LOW 

l WRS 

0 


0 


0 


0 


ns 


R HIGH to RS LOW 

X RRS 

0 


0 


0 


0 


ns 



NOTES 

1. All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Data flow-through data mode only. 


6. Pulse widths less than minimum are not allowed. 

7. Values guaranteed by design, not currently tested. 

8. R and DIR signals must go inactive (HIGH) coinci- 
dent with RS going inactive (HIGH). 

9. DIR must become valid before W goes active (LOW). 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured mode only) (T A = 0°C to 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Expansion Mode Timing 

R/W to XO LOW 

'XOL 


20 


20 


25 


35 

ns 


R/W to XO HIGH 

*XOH 


20 


20 


25 


35 

ns 


XI pulse width 

l XIP 

15 


20 


25 


35 


ns 


XT command setup time to R/W 

*XIS 

10 


12 


15 


15 


ns 


XT command recovery time 

•XIR 

10 


10 


10 


10 


ns 


Flags Timing | 

W HIGH to Flags Valid 

*WFV 


15 


15 


15 


15 

ns 


RS to EF LOW 

*EFL 


25 


30 


35 


45 

ns 


R LOW toEF LOW 

'REF 


20 


20 


25 


35 

ns 


WHIGH to EF HIGH 

*WEF 


20 


20 


25 


35 

ns 


R pulse after EF HIGH 

'RPE 

15 


20 


25 


35 


ns 

5 

RS to HF, FF HIGH 

t HFH, *FFH 


25 


30 


35 


45 

ns 


R HIGH to FF 

l RFF 


15 


20 


25 


30 

ns 


WLOW to FF LOW 

l WFF 


20 


20 


25 


35 

ns 


W pulse width after FF HIGH 

{ \NPF 

15 


20 


25 


35 


ns 

5 

WLOW to HFLOW 

l WHF 


25 


30 


35 


45 

ns 


R~HIGH to HF HIGH 

t RHF 


25 


30 


35 


45 

ns 


RHIGH to AFF 

l RAFF 


25 


30 


35 


45 

ns 


WLOW to AFF 

l WAFF 


25 


30 


35 


45 

ns 


R LOW to AEFLOW 

'RAEF 


25 


30 


35 


45 

ns 


WHIGH to AEF 

tWAEF 


25 


30 


35 


45 

ns 




AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


+5V 


Q — 
333 


i 500 
4=30 pF 


V 


Figure 2 

OUTPUT LOAD EQUIVALENT 
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EMPTY FLAG 



FULL FLAG 



HALF-FULL FLAG 

(FOR CONFIGURED AND NONCONFIGURED MODES) 


HALF-FULL OR LESS MORE THAN 

HALF-FULL 


HALF-FULL OR LESS 
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EXPANSION MODE (XC5) 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



NOTE: 1 . XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE (XT) 


w 


XI 


WRITE TO FIRST PHYSICAL LOCATION 

\ 

A 


t- 


x x\s 


XIP 


/ 


tXIR 


K. 


l XIS 


READ FROM FIRST 
PHYSICAL LOCATION 




f 


7 /)[ DON’T CARE 
UNDEFINED 
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FIFO 2K x 9 FIFO 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5mW typ. (standby); 350mW typ. (active) 

• TTL compatible inputs and outputs 

• Asynchronous and simultaneous READ and WRITE 

• Empty, Half-Full and Full Flags 

• Half-Full Flag in STAND ALONE mode 

• Auto-retransmit capability 

• Fully expandable by width and depth 

• Pin and function compatible with other standard 
FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

C 

PLCC 

EJ 

Ceramic LCC 

EC 

SOJ (300 mil) 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty. 


PIN ASSIGNMENT (Top View) 


28L DIP 

(A-9, B-9) 


W[ 1 
D9[ 2 
D4[ 3 
03 [ 4 
D2 [ 5 

Dll 
xil 

FFri 


Q2[ 10 
Q3[ 11 
Q4[ 12 

13 

14 


Q9[ 

Vss[ 


^8 ]Vcc 
27 ]D5 
26 ]D6 
25 1 D7 
24 1 08 
23 |FL/RT 
22 | RS 
21 ]EF 
20 ] X0/HF 
19 ]Q8 
18 ] Q7 
17 ]Q6 
16 ] Q5 
15 JR 


32L LCC 

(F-4) 


D1 7 
XI 8 
FF 9 
Q1 10 
Q2 11 
NC 12 
Q3 13 


27 t!_ c _ 

26 FL/RT 
25 RS 


141516 17 18 1920 
S S | M |cc a S 


28L SOJ 

(E-8) 


W 

D9 

D4 

D3 

D2 

D1 

XI 

FF 

Q1 

Q2 

Q3 

Q4 

Q9 

Vss 


Vcc 

D5 

D6 

D7 

D8 

FL7RT 

RS 

EF 

XO/HF 

Q8 

Q7 

Q6 

Q5 

R 


32L PLCC 

(D-2) 



half-full and full flags. While the full flag is asserted, at- 
tempted writes are inhibited. Likewise, while the empty 
flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan- 
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada- 
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. 


MT52C9020 
REV. 1/91 
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FUNCTIONAL BLOCK DIAGRAM 


R 


D1-D9 


XI 


W 


FL/RT 

RS 



Q1-Q9 


XO/HF 


EF 

FF 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

2 

1 

W 

Input 

Write Strobe: W is taken LOW to write data from the input port 
(D1-D9) into the FIFO memory array. 

18 

15 

R 

Input 

Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (Q1-Q9). 

8 

7 

XI 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 

23 

FL/RT 

Input 

First Load: Acts as first load signal in DEPTH EXPANSION mode. 
FT if low, will enable the device as the first to be loaded (enables 
read and write pointers). 

FL should be tied low for the first FIFO in the chain, and tied high 
for all other FIFOs in the chain 

Retransmit: Acts as retransmit signal in STAND ALONE mode. 

RT is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pointer to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

7, 6,5,4, 31, 

30, 29, 28, 3 

6, 5, 4, 3, 27 
26, 25, 24, 2 

D1-D9 

Input 

Data Inputs 

24 

21 

EF 

Output 

Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 

8 

FF 

Output 

Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 

20 

XO/HF 

Output 

Expansion Out: Acts as expansion out pin in DEPTH EXPAN- 
SION mode. XO will pulse LOW on the last physical WRITE or 
the last physical read. XO should be connected to Xf of the next 
FIFO in the daisy chain. 

Half-full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than Half-Full; will stay 
LOW until the FIFO becomes Half-Full or less. 

10, 11, 13, 14, 
19, 20, 21,22,15 

9, 10, 11, 12, 16 
17,18,19,13 

Q1-Q9 

Output 

Data Output: Output or high impedance. 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±10% 

16 

14 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9020 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous REAP and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins, the function that is not 

being discussed will be surrounded by parentheses. 
For example, when discussing the half-full flags the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

After Vcc is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND ALONE mode is entered if XI is 
LOW. If Xl is tied to XO of another FIFO, the DEPTH EX- 
PANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini- 
tiated by the falling edge of W and data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO)/HF is asserted when the half- 
full-plus-one location (2048/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRITE to an empty FIFO will cause EF to go HIGH after the 
rising edge of W. When operating in the DEPTH EXPAN- 
SION mode, the last location write to a FIFO will cause XO/ 
HF to pulse LOW. This will enable writes to the next FIFO 
in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and the FIFO is not empty (EF is HIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) t RLZ after 
the falling edge of R and valid data will appear *A after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full- 
plus-one location is read, (XO)/HF will go HIGH after the 
rising edge of R. When the FIFO is full (FF LOW) and a READ 
is initiated, FF will go HIGH after the rising edge of R. When 
operating in the EXPANDED mode, the last location read to 
a FIFO will cause XO/HF to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9020 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 2047 writes have 
been performed between resets. When the (FL)/RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
*RTR after (FL) /RT is taken HIGH. The empty, half-full and 
full flags will be affected as specified for the data volume. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising edge of W and access time is measured from the rising 
edge of EF. 
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W 

D1-D9 


FULL 


RS 



R 

Q1-Q9 

Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded- 
depth mode FIFOs. Expanded- width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C9020s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/ (HF) and FL/(RT). Figure 1 illus- 
trates a typical three-device expansion. The DEPTH EX- 
PANSION mode is entered during a RESET cycle, by tying 
the XO/(HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/ (RT) pin grounded. The remaining devices in the 
chain will have FL/(RT) tied HIGH. During RESET cycle, 
XO/(HF) of each device is held HIGH, disabling reads and 


writes to all FIFOs, except the first load device. When the 
last physical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9020. The writes will continue to go to the 
second device until last location WRITE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all the FF pins. On the last physical READ of the 
first device, its XO/ (HF) will pulse again. On the falling 
edge of R, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

H5 

wr 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1 . Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

m 

FT 

XI 

Read Pointer 

Write Pointer 

IF 

FF 

RESET 

First Device 

0 

0 

(1) 

Location Zero 

Location Zero 

0 

1 

RESET 

All other Devices 

0 

1 

(1) 

Location Zero 

Location Zero 

0 

1 

READ/WRITE 

1 

X 

(1) 

X 

X 

X 

X 


NOTE: 1 . XI is connected to XO of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
Outputs Open 

Icc 


100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 

ISBI 


15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILl 

-10 

10 

|iA 


Output Leakage Current 

Output(s) Disabled, 

0V < Vout < Vcc 

ILo 

-10 

10 

HA 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 


V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 


0.4 

V 

1 


CAPACITANCE 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

A 

Vcc = 5V 

Ci 


8 

PF 

4 

Output Capacitance 

Co 


8 

PF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

_c 

5 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Shift Frequency 

Fs 


40 


33.3 


28.5 


22.2 

MHz 


Access time 

l A 


15 


20 


25 


35 

ns 


Read cycle time 

*RC 

25 


30 


35 


45 


ns 


Read command recovery time 

>RR 

10 


10 


10 


10 


ns 


Read command pulse width 

*RPW 

15 


20 


25 


35 


ns 

6 

Read LOW to Low-Z 

•rlz 

5 


5 


5 


5 


ns 


Read to HIGH to High-Z 

’RHZ 


15 


15 


18 


20 

ns 


Data hold from R~HIGH 

*OH 

5 


5 


5 


5 


ns 


Write cycle time 

M/C 

25 


30 


35 


45 


ns 


Write command pulse width 

M/PW 

15 


20 


25 


35 


ns 

6 

Write command recovery time 

M/R 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

M/LZ 

5 


5 


5 


5 


ns 

5 

Data setup time 

'DS 

10 


12 


15 


20 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


ns 


Reset cycle time 

•RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

*RSP 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

<RSR 

10 


10 


10 


10 


ns 


Read HIGH to Reset HIGH 

t RRS 

15 


20 


25 


35 


ns 


Write HIGH to Reset HIGH 

M/RS 

15 


20 


25 


35 


ns 


Retransmit cycle time 

•RTC 

25 


30 


35 


45 


ns 


Retransmit pulse width 

t RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

•RTR 

10 


10 


10 


12 


ns 


Retransmit setup time 

•RTS 

15 


20 


25 


35 


ns 


Reset to EF LOW 

tFL 


25 


30 


35 


45 

ns 


Reset to HFFF HIGH 

l HFH, *FFH 


25 


30 


35 


45 

ns 


Read LOW toEFLOW 

•ref 


20 


20 


25 


35 

ns 


Read HIGH to FF HIGH 

•rff 


20 


20 


25 


35 

ns 


Write LOW to FF LOW 

M/FF 


20 


20 


25 


35 

ns 


Write HIGH to EF HIGH 

•WEF 


20 


20 


25 


35 

ns 


Write LOW to HF LOW 

M/HF 


25 


30 


35 


45 

ns 


Read HIGH to HF HIGH 

•RHF 


25 


30 


35 


45 

ns 


Read pulse after EF HIGH 

•rpe 

15 


20 


25 


35 


ns 

5 

Write pulse width after FF HIGH 

*WPF 

15 


20 


25 


35 


ns 

5 

Read/Write to XO LOW 

•XOL 


20 


20 


25 


35 

ns 


Read/Write toXO HIGH 

•XOH 


20 


20 


25 


35 

ns 


XT pulse width 

•XIP 

15 


20 


25 


35 


ns 


XT setup time 

•XIS 

10 


12 


15 


15 


ns 


XT recovery time 

•XI R 

10 


10 


10 


10 


ns 



NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 


4. This parameter is sampled. 

5. Flow-through mode only. 

6. Pulse widths less than minimum are not allowed. 
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AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


Q — 
333 


500 
30 pF 


V 


Fig. 2 

OUTPUT LOAD EQUIVALENT 


RESET 



ASYNCHRONOUS READ AND WRITE 


tRC tRPW 



ffl 
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EMPTY FLAG 




FULL FLAG 




LAST WRITE 

IGNORED 

WRITE 

FIRST READ 

ADDITIONAL 

READS 

FIRST WRITE 







V_7 

l 

~ V - / " 





\ 


/ 

tRFF 



\ f 


— 1 

*WFF 

\ 


— 1 




1 

1 

l 





HALF-FULL FLAG 


HALF-FULL OR LESS 

MORE THAN 

HALF-FULL 

HALF-FULL OR LESS 

\ 


/ 



W 

S 

/ 

tRHF 







R 

*WHF 

\ 7 

/ 



\ 



f 

HF 



; 



m 


DON’T CARE 
UNDEFINED 
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EXPANSION MODE (YO) 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



NOTE: XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE flfl) 

WRITE TO FIRST PHYSICAL LOCATION 



UNDEFINED 
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FIFO 


2K x 9 FIFO 

WITH PROGRAMMABLE FLAGS 


FEATURES 

• Very high speed: 15, 20, 25 and 35ns access 

• High-performance, low-power CMOS process 

• Single +5V ±10% supply 

• Low power: 5mW typical (standby); 350m W typical 
(active) 

• TTL compatible inputs and outputs 

• Asynchronous READ and WRITE 

• Two fully configurable Almost Full and Almost Empty 
Flags 

• Programmable Half Full Flag or Full /Empty Flag 
option eliminates external counter requirement 

• Register loading via the input or output pins 

• Auto-retransmit capability in single-device mode 

• Fully expandable by width and depth 

• Pin and function compatible with standard FIFOs 


OPTIONS 

MARKING 

• Timing 

15ns access time 

-15 

20ns access time 

-20 

25ns access time 

-25 

35ns access time 

-35 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic DIP (600 mil) 

W 

Ceramic DIP (600 mil) 

C 

PLCC 

EJ 

Ceramic LCC 

EC 

Plastic SOJ 

DJ 


GENERAL DESCRIPTION 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual-port, six-transistor mem- 
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 

When not configured, the MT52C9022 defaults to a s tan- 
dard FIFO with empty (EF), full (FF) and half-full (HF) flag 
pins. The MT52C9022 can be configured for programmable 


PIN ASSIGNMENT (Top View) 


28L/DIP 28L/SOJ 

(A-9, B-9) (E-8) 


wc 

i — ,C7 — i 

1* 28 

1 Vcc 

w d 
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2 
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D4 C 
D3 d 

3 

4 

26 

25 
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xi q 

7 

22 

XI C 

7 

22 

1 RS 

FF/AFF [j 

8 

21 
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Q9 C 

13 

16 
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17 
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GND q 

14 
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13 

14 

16 

15 

3 Q5 

3 R 
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flags by loading the internal flag registers (as described 
under "Register Load Mode" on page 8-73). In configured 
mode, up to three flags are provided. The first two are the 
almost empty flag (AEF) and the almost full flag (AFF) with 
independently programmable offsets. The third one is either 
an HF or a full and empty (F E) flag, depending on the bit 
configuration of the registers. A retransmit pin allows data 
to be re-sent on the receiver's request when the FIFO is in the 
STAND ALONE mode. 

The depth and/or width of the FIFO can be expanded by 
cascading multiple devices. The MT52C9022 is speed, 
function and pin compatible with lower density FIFOs from 
Micron. 


MT52C9022 
REV. 1/91 
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PIN DESCRIPTIONS 


LCC PIN 
NUMBER(S) 

DIP PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

25 

22 

RS 

Input 

Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 

1 

W 

Input 

Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 

15 

R 

Input 

Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 

7 

XT 

Input 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO) of the 
previous device in the daisy chain. 

26 

23 

FL/RT/DIR 

Input 

First Load/Retransmit/Direction: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7, 6, 5, 4, 31,30 
29, 28, 3 

6, 5, 4, 3, 27 
26, 25, 24, 2 

D1-D9 

Input 

Data Inputs: Data on these lines are stored in the memory array 
or flag registers during array WRITE or register programming, 
respectively. 

24 

21 

EF/AEF 

Output 

Empty Flag/Almost Empty Flag: This output pin indicates the 

FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 

8 

FF/AFF 

Output 

Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 

20 

XO/HF/FE 

Output 

Expansion Out/Half Full/Full/Empty: This pin’s function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 

Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 
19, 20, 21,22,15 

9,10,11,12,16 

17,18,19,13 

Q1-Q9 

I/O 

Data Output: These pins may be used for data retrieval. The pins 
become inputs during register loading with DIR input HIGH. The 
outputs are disabled (High-Z) during device idle (R = HIGH). 

32 

28 

Vcc 

Supply 

Power Supply: +5V ±10% 

16 

14 

GND 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9022 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins , the function that is not 

being discussed will be surrounded by parentheses. 
For example , when discussing half-full flags , the 
XO/HF/FEpin will be shown as (X0)/HFJ(FE). 

RESET 

After Vcc is stable. Reset (RS) must be taken LOW with 
both R and W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN- 
SION mode. The STAND ALONE mode is entered if XI is 
tied LOW. If XI is connected to XO/(HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW and if the FIFO is not full. The WRITE cycle 
is initiated by the falling edge of W. Data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location inthe FIFO, FF will be asserted (LOW) 
after the falling edge of W. While the FF is asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSION mode, the last location write to a FIFO will 
cause XO/ (HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 


READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is High). 
The data-out (Q1-Q9) pins will go active (Low-Z) 4 RLZ after 
the falling edge of R. Valid data will appear *A after the 
falling edge of R. After the last available dateyword is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
full and a READ is initiated, the FF will go HIGH after the 
rising edge of R. When operating in the expanded mode, the 
last location read from a FIFO will cause XO/(HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9022 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 2047 writes have been per- 
formed between resets. When the (FL)/RT/(DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
start reading the data from the beginning of the FIFO l RTR 
after (FL)/RT/(DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge of W, and access time is measured from the rising edge 
of the empty flag. 
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REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or F/E flag (DIP package pin 
20 ). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

REGISTER SET FOR MT52C9022 


Almost Full Flag Register (AFFR) 



HF/FE Offset Bits 


Almost Empty Flag Register (AEFR) 



Reset Offset Bits 

Locking 


Note that bits 0-7 are used for offset setting. The offset 
value ranges from 1 to 255 words. Each offset value corre- 
sponds to a 2-byte increment. This provides a maximum 
offset of 510 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for configuration of HF/F E pin. When 
this bit is set LOW, the HF/F E pin is configured as an HF 
flag output. When it is set high, the HF/F E is configured as 
an F/E flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro- 
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers can be reconfigured without 
device reset. The part can be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW *RS after 


the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This 
loading order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys- 
tems (each system capable of READ and WRITE opera- 
tions) can be achieved by using two MT52C9022s. Care 
must be taken to assure that the appropriate flag is moni- 
tored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode. In the 
NONCONFIGURED mode, the three flags are HF flag, EF 
and FF. The HF flag goes active when more than half the 
FIFO if full. The flag goes inactive when the FIFO is half full 
or less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
or read out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ/ WRITE cycle initiation of the location 
corresponding to the programmed offset value. For ex- 
ample, if the AEFR is progra mmed with a 10-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

The third flag in the PROGRAM mode is either HF or 
F/E flag depending on the state of t he hi ghest bit of the 
AFFR. If the device is programmed for HF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de- 
vice is configured for F/E flag, the pin will be active (LOW) 
when the FIFO is either empty or fulLThe condition of the 
FIFO is determined by the state of F/E together with states 
of AFF and AEF (example: if F/E is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 
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W 

D1-D9 


FULL 



R 

Q1-Q9 

Vcc 


EMPTY 


* FIRST DEVICE LOADED 


Figure 1 

DEPTH EXPANSION 


WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX- 
PANDED DEPTH mode FIFOs. Expanded width operation 
is achieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9022s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF/F E) and FL/ (RT/DIR). Fig- 
ure 1 illustrates a typical three-device expansion. The depth- 
expansion mode is entered by tying the XO/(HF/F E) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FL/ (RT/DIR) pin 
grounded. The remaining devices in the chain will have 
FL/ (RT/DIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the first load device. When the 


last p hysical location of the first device is written, the XO/ 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9022. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF / (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge of R, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The READ pointer never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pins being LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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TRUTH TABLE 1 

SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 



FT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

HF 

RESET 

0 

X 

0 

Location Zero 

Location Zero 

0 

1 

1 

RETRANSMIT 

1 

0 

0 

Location Zero 

Unchanged 

1 

X 

X 

READ/WRITE 

1 

1 

0 

Increment (1) 

Increment (1) 

X 

X 

X 


NOTE: 1 . Pointer will increment if flag is HIGH. 


TRUTH TABLE 2 

DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 


MODE 

INPUTS 

INTERNAL STATUS 

OUTPUTS 

FS 

FT 

XI 

Read Pointer 

Write Pointer 

EF 

FF 

RESET 

First Device 

0 

0 

(i) 

Location Zero 

Location Zero 

0 

1 

RESET 

All other Devices 

0 

1 

(i) 

Location Zero 

Location Zero 

0 

1 

READ/WRITE 

1 

X 

(i) 

X 

X 

X 

X 


NOTE: 1 . XI is connected to XD of previous device. 

RS = Reset Input, FL/RT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XT = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -0.5V to +7.0V 

Operating Temperature T A (ambient) 0°C to 70°C 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5.0V ± 1 0%) 


DESCRIPTION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1,2 


DC ELECTRICAL CHARACTERISTICS 


(0°C < T A < 70 C; Vcc = 5.0 V ± 1 0%) 

MAX 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

-15 

-20 

-25 

-35 

UNITS 

NOTES 

Power Supply 

Current: Operating 

W, R < Vil; Vcc = MAX 
f = MAX = 1/*RC 

Outputs Open 

Icc 


120 

115 

110 

100 

mA 

3 

Power Supply 

Current: Standby 

W, R > Vih; Vcc = MAX 
f = MAX = 1/'RC 

ISBI 


15 

15 

15 

15 

mA 


W, R > Vcc -0.2; Vcc = MAX 

Vil < Vss +0.2, 

Vih > Vcc -0.2; f = 0 

ISB2 


5 

5 

5 

5 

mA 


Input Leakage Current 

0V < Vin < Vcc 

ILi 

-10 

10 

10 

10 

10 

jjA 


Output Leakage Current 

Output(s) Disabled 

0V < Vout < Vcc 

ILo 

-10 

10 

10 

10 

10 

pA 


Output High Voltage 

Ioh = -2.0mA 

VOH 

2.4 





V 

1 

Output Low Voltage 

Iol = 8.0mA 

VOL 





0.4 

V 

1 


CAPACITANCE 

(Vin = 0V; Vout = 0V) 


DESCRIPTION 

CONDITIONS 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance 

T A = 25°C;f = 1MHz 

Vcc = 5V 

Ci 


8 

pF 

4 

Output Capacitance 

Co 


8 

pF 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured and nonconfigured modes) (0°C < T A < 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN | MAX 

MIN | MAX 

MIN | MAX 

MIN | MAX 

UNITS 

NOTES 

READ Cycle | 

Shift frequency 

t RF 


40 


33.3 


28.5 


22.2 

MHz 


READ cycle time 

'RC 

25 


30 


35 


45 


ns 


Access time 

* A 


15 


20 


25 


35 

ns 

6 

READ recovery time 

*RR 

10 


10 


10 


10 


ns 


Read pulse width 

*RPW 

15 


20 


25 


35 


ns 


Read LOW to Low-Z 

l RLZ 

5 


5 


5 


5 


ns 

7 

Read to HIGH to High-Z 

*RHZ 


15 


15 


18 


20 

ns 

7 

Data HOLD from R HIGH 

'OH 

5 


5 


5 


5 


ns 


WRITE Cycle | 

WRITE cycle time 

X \N C 

25 


30 


35 


45 


ns 


Write pulse width 

tWPW 

15 


20 


25 


35 


ns 

6 

WRITE recovery time 

>WR 

10 


10 


10 


10 


ns 


Write HIGH to Low-Z 

*WLZ 

5 


5 


5 


5 


ns 

5,7 

Data setup time 

•DS 

10 


12 


15 


18 


ns 


Data hold time 

*DH 

0 


0 


0 


0 


ns 


RETRANSMIT Cycle | 

Restransmit cycle time 

t RTC 

25 


30 


35 


45 


ns 


Retransmit pulse width 

t RT 

15 


20 


25 


35 


ns 


Retransmit recovery time 

X RJR 

10 


10 


10 


12 


ns 


Retransmit command setup time 

t RTS 

15 


20 


25 


35 


ns 


RESET Cycle | 

RESET cycle time 
(no register programming) 

>RSC 

25 


30 


35 


45 


ns 


Reset pulse width 

'RSP 

15 


20 


25 


35 


ns 

6 

Reset recovery time 

X RSR 

10 


10 


10 


10 


ns 


RS LOW to R LOW 

'RS 

15 


20 


25 


35 


ns 


Reset and register programming 
cycle time 

l RSPC 

85 


100 


115 


145 


ns 


R LOW to DIR valid (register load cycle) 

l RDV 

5 


5 


5 


5 


ns 


R LOW to register load 

X R\N 

10 


10 


10 


10 


ns 


W HIGH to RS LOW 

X \NRS 

0 


0 


0 


0 


ns 


R HIGH to RS LOW 

l RRS 

0 


0 



0 


0 


ns 



NOTES 

1 . All voltages referenced to Vss (GND). 

2. -3.0V for pulse width < 20ns. 

3. Icc is dependent on output loading and cycle rates. 

4. This parameter is sampled. 

5. Data flow-through data mode only. 


6. Pulse widths less than minimum are not allowed. 

7. Values guaranteed by design, not currently tested. 

8. R and DIR signals must go inactive (HIGH) coinci- 
dent with RS going inactive (HIGH). 

9. DIR must become valid before W goes active (LOW). 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Applicable for configured mode only) (T A = 0°C to 70°C; Vcc = 5.0V ± 10%) 


A.C. CHARACTERISTICS 


-15 

-20 

-25 

-35 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Expansion Mode Timing | 

R/W to XO LOW 

'XOL 


20 


20 


25 


35 

ns 


R/W to XO HIGH 

{ XOH 


20 


20 


25 


35 

ns 


XT pulse width 

'XIP 

15 


20 


25 


35 


ns 


XT command setup time to R/W 

<XIS 

10 


12 


15 


15 


ns 


XT command recovery time 

<XIR 

10 


10 


10 


10 


ns 


Flags Timing | 

W HIGH to Flags Valid 

l WFV 


15 


15 


15 


15 

ns 


RS to EF LOW 



25 


30 


35 


45 

ns 


R LOW toEFLOW 

‘REF 


20 


20 


25 


35 

ns 


W HIGH to EF HIGH 

*WEF 


20 


20 


25 


35 

ns 


R pulse after EF HIGH 

'RPE 

15 


20 


25 


35 


ns 

5 

RS to HF, FF HIGH 

{ HFH, X FFH 


25 


30 


35 


45 

ns 


R HIGH toFF 

*RFF 


15 


20 


25 


30 

ns 


WLOW toFFLOW 

•WFF 


20 


20 


25 


35 

ns 


W pulse width after FF HIGH 

*WPF 

15 


20 


25 


35 


ns 

5 

W LOW to HF LOW 

l WHF 


25 


30 


35 


45 

ns 


FTHIGHto HF HIGH 

•rhf 


25 


30 


35 


45 

ns 


RHIGH to AFF 

t raff 


25 


30 


35 


45 

ns 


WLOW to AFF 

X \NAFF 


25 


30 


35 


45 

ns 


R LOW to AEFLOW 

l RAEF 


25 


30 


35 


45 

ns 


W HIGH to AEF 

tWAEF 


25 


30 


35 


45 

ns 




AC TEST CONDITIONS 


Input pulse level 0 to 3.0V 

Input rise and fall times 5ns 

Input timing reference level 1 .5V 

Output reference level 1 .5V 

Output load See Figure 2 


Q — 
333 


+5V 
^ 500 

"=[=30 pF 

V 


Figure 2 

OUTPUT LOAD EQUIVALENT 
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RESET 

(WITH NO REGISTER PROGRAMMING) 



ASYNCHRONOUS READ AND WRITE 



7/J[ DON’T CARE 
UNDEFINED 






PRELIMINARY 


MICRON 

m TECHNOLOGY, INC. 


MT52C9022 



DON’T CARE 


UNDEFINED 


8-80 








PRELIMINARY 


MICRON 

W TECHNOLOGY, INC. 


MT52C9022 


EXPANSION MODE (XO) 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



R 


XO (1) 


Q1-Q9 


READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 




NOTE: 1 . XO of the Device 1 is connected to XI of Device 2. 


EXPANSION MODE (XI) 


w 


WRITE TO FIRST PHYSICAL LOCATION 

Nj 

A 


XIS 


/ 


T XIP 




{ X\R 


X 


x XIS 


READ FROM FIRST 
PHYSICAL LOCATION 


1 \_ 


T. 


J 


DON’T CARE 
UNDEFINED 
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TECHNICAL 

NOTE 


DRAM POWER-UP AND 
REFRESH CONSTRAINTS 


INTRODUCTION 

The JEDEC 4 Meg DRAM introduces two potential in- 
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power- 
up. Understanding and addressing these incompatibilities 
and providing for them will offer designers and system 
users greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode to be 
a WCBR, which is CBR with the WE pin held at a logical 
HIGH level. _ 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the the 4 Meg into the 
JEDEC-specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIPs, pin 5 on SOJs and pin 8 on ZIPs). This 
HIGH signal is usually a "super voltage" (Vin > 7.5V), so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 


POWER-UP 

The 4 Meg WCBR constraint may also introduce another 
problem. The 1 Meg POWER-UP cycle requires a lOOps delay 
followed by any eight RAS cycles. The 4 Meg POWER-UP 
is more restrictive in that eight RAS-ONLY REFRESH or CBR 
REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a WCBR REFRESH cycle. 

SUMMARY 

The 1 Meg and 4 Meg are compatible, with the following 
exceptions: 

1. The 1 Meg test pin is the A10 pin on the 4 Meg. 

2. For standard test mode, the 1 Meg requires a vaild 
HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE p in to be a 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH (WCBR). 

4. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may use RAS-ONLY 
REFRESH or WCBR REFRESH cycles, exclusively. 
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TECHNICAL 

NOTE 


MT4C1664 AND MT4C1665 
COMPATIBILITIES 


INTRODUCTION 

Micron provides the 64K x 16 DRAM in two versions: 
MT4C 1 664 and MT4C 1 665. The MT4C 1 664 has two WE pins 
which allow for BYTE-WRITE cycles. It doe s not support 
WRITE-PER-BIT. The MT4C1665 has one WE pin and offers 
nonpersistent, WRITE-PER-BIT (MASKED WRITE) cycles. 

COMPATIBILITY 

The MT4C1664 and MT4C1665 may be used interchange- 
ably, provided precautions are taken ahead of time. The 
memory system may not utilize the WRITE-PER-BYTE 
feature of the MT4C1664 or the WRITE-PER-BIT feature of 
the MT4C1665 in order to maintain interchangeability. 

At the system level, a special timing constraint exists. 
WE must be held HIGH when RAS transitions from HIGH 
to LOW (preventing the MT4C1665 from performing 
WRITE-PER-BIT cycles). The two WE traces must be con- 
nected together (pins 12 and 13 on SOJ or pins 22 and 23 on 
ZIP) in order to ensure that all 16 bits will be written on the 
MT4C1664. 

The MT4C1664 and MT4C1665 are now interchangeable. 


The MT4C1664 will have twice the capacitive load on the 
write enable signal as the MT4C1 665 due to its two WE pins. 
Its WE timing will be a "don't care" when RAS transitions 
from HIGH to LOW while the MT4C1665 will enter a 
WRITE-PER-BIT cycle if WE is LOW when RAS transitions 
from HIGH to LOW. 

The MT4C1665 can provide the BYTE-WRITE capability 
of the MT4C1664 by allowing the mask register to be 
enabled by bytes. However, this may not be practical since 
it requires additional circuitry. 

SUMMARY 

An application that performs 16-bit word writes will 
allow either the MT4C1664 or MT4C1665 to be used. The 
MT4C1664 must have both WE pins connected, doubling 
capacitance on the write enable signal, but its timing is a 
"don't care" when RAS goes LOW. On the other hand , the 
MT4C1665 has only one WE for low er cap acitance, but WE 
must always be held HIGH when RAS transitions from 
HIGH to LOW (refer to Note 1). 



NOTE: 1 . Applies to MT4C1 665 only. The MT4C1 664 specifies these as “don’t cares” during this portion of operation. 
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TECHNICAL 

NOTE 


MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR RAS LINES 


INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re- 
duced costs and board savings, while maintaining state-of- 
the-art technology. 

This application note shows how the MT4C1664 may be 
interfaced with a 256KB memory system using four RAS 


controls and EARLY- WRITE cycles (OE grounded). Refer- 
ence to the MT4C1664 data sheet will be helpful in under- 
standing how the MT4C1664 functions. The schema tic in 
Figure 1 shows 256KB memory systems using four RAS 
controls and EARLY- WRITE cycles and how memory is 
implemented with both the MT4C1 664 and 64K x 4 DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE- WRITE cycles (OE controlled). 


256KB DRAM Memory System 
With Micron's MT4C1664 (2) 


256KB DRAM Memory System 
With 64K x 4 devices (8) 



AAO-7 

WE 

CAS 

RASO 

RAS1 

RAS2 

RAS3 


M0D0-7 
Ml DO-7 
M2D0-7 
M3D0-7 


BAO-7 



Figure 1 

256KB EARLY-WRITE MEMORY 
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TECHNICAL 

NOTE 


MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR CAS LINES 


INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s will replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re- 
duced costs and board savings while maintaining state-of- 
the-art technology. 

This application note shows how the MT4C1664 may 
interface with a 256KB memory system using four CAS 
controls and EARLY -WRITE cycles (OE grounded). 


Reference to the MT4C1664 data sheet will be helpful in 
understanding how the MT4C1664 functions. The sche- 
matic in Figure 1 shows 256KB memory systems using four 
CAS controls and EARLY- WRITE cycles and how memory 
is implemented with both the MT4C1664 and 64K x 4 
DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE-WRITE cycles (OE controlled), ex- 
cept Note 1 no longer applies and the two delay paths may 
be equal. 


256KB DRAM Memory System 
With Micron’s MT4C1664 (2) 



AAO-7 

WE 

RAS 

CASO 

CAS1 

CAS2 

CAS3 


M0D0-7 
Ml DO-7 
M2D0-7 
M3D0-7 


BAO-7 


256KB DRAM Memory System 
With 64K x 4 devices (8) 



Figure 1 

256KB EARLY-WRITE MEMORY 


NOTE: 1 . This delay path needs to be slightly longer than the two NAND gates to ensure the WE to CAS setup time is met. 
This will guarantee the DRAM will always be in EARLY-WRITE during WRITE cycles. 
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TECHNICAL 4 MEG DRAM — DIRECT 

NOTE 1 MEG COMPATIBILITY 


INTRODUCTION 

The JEDEC 4 Meg DRAM introduces three potential 
incompatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power- 
up and the JEDEC test mode. 

Micron provides two versions of the 4 Meg DRAM. The 
standard version will not have the JEDEC test mode allow- 
ing for 1 Meg DRAM compatibility. The second version will 
offer the JEDEC test mode. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode to be 
WCBR, which is CBR with the WE pin held at a logical HIGH 
level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

POWER-UP 

The 4 Meg WCBR constraint may also introduce another 


problem. The 1 Meg POWER-UP cycle requires a lOOjis 
delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP cycle is more restrictive in that eight RAS-ONLY 
REFRESH or WCBR REFRESH cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode for normal operation. The only way to exit the 4 Meg 
JEDEC test mode is with either a RAS-ONLY or a WCBR 
REFRESH cycle. 

SPECIAL FEATURE 

A memory system currently using 1 Meg DRAMs with 
WE as a "don't care" during CBR REFRESH does not allow 
for direct upgrading to 4 Meg DRAMs. Micron, realizing 
some companies will have this situation, provides a special 
feature on its 4 Meg DRAM requiring "supervoltage" to 
access the 4 Meg JEDEC WCBR test function. This allows 
the Micron 4 Meg DRAM to be refreshed in the same 
manner as any 1 Meg DRAM. Note that the eight POWER- 
UP cycles should be refresh cycles only in order to guaran- 
tee that any 4 Meg DRAM, including Micron's, does not 
inadvertently power-up in the test mode. 



COMPARISON OF JEDEC WCBR TO MICRON 4 MEG CBR 
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TECHNICAL UNDERSTANDING DRAM 

NOTE LATE-WRITE CYCLES 


INTRODUCTION 

There are three different cycles possible to write to a 
DRAM: EARLY-WRITE cycles, READ-MODIFY-WRITE 
cycles and LATE-WRITE cycles. The industry standards for 
DRAM WRITE cycles are fairly consistent for both the 
EARLY-WRITE and READ-MODIFY-WRITE cycles. An 
exception exists for the "LATE-WRITE" cycle. 

COMMON DQ DRAM 

A LATE-WRITE cycle is a READ-MODIFY-WRITE (see 
Figure 1) except that the READ portion is not utilized. This 
is accomplished by keeping the output enable pin (OE) HIGH 
throughout the cycle. The timing para meters t RWD, t AWD 
and *CWD no longer apply since OE is HIGH. 

This condition can be viewed as an EARLY-WRITE with 
f WCS "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS goi ng L OW). But, 
since the output buffers are not being used (OE is HIGH), 
*WCS and *CWD are no longer required. 

Be cautious anytime OE is brought LOW (possibly a noise 
spike occurs), as the output buffers could turn on and cause 
contention with the data bus, which could corrupt input 
data. 

The term used for such a WRITE cycle varies throughout 


the industry. The use of "OE controlled WRITE," "Delayed 
WRITE" and "LATE-WRITE" all signify the same WRITE 
cycle described above. 

SPLIT D AND Q DRAM 

A LATE-WRITE cycle is a READ-MODIFY-WRITE ex- 
cept the READ portion is not guaranteed and the D and Q 
pins are separate paths (D and Q cannot be connected 
together). This is accomplished by ignoring the timing 
parameters l RWD, l AWD and *CWD. 

This condition can be viewed as an EARLY-WRITE with 
HVCS "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are a "don't care," HVCS and *CWD 
are no longer required. 

This cycle is not available on applications that have the D 
and Q connected together as the output will contend with 
the input. 

SUMMARY 

A LATE-WRITE cycle is most useful on common DQ 
DRAMs. Use caution to ensure the output enable pin is 
properly controlled. 



Figure 1 

READ-MODIFY-WRITE (MULTIPLE DQ) TIMING 
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TECHNICAL 

NOTE 


MT43C4257/MT43C4258 

COMPARISON 


INTRODUCTION 

Micron Technology, Inc., offers its Triple Port DRAM 
(TPDRAM) in two versions. The MT43C4257 supports the 
JEDEC Split SAM Status Function (QSF) pin as defined for 
VRAMs. The MT43C4258 supports a variation of the QSF 
function called the Split SAM Special Function (SSF) input 
function. Other than this difference, the function and per- 
formance of the two devices are identical. 

MT43C4257 — QSF OUTPUT 

The QSF output pin of the MT43C4257 is identical in 
function to the QSF pin of the MT42C4255 256K x 4 VRAM. 
The QSF output pin indicates which half of the SAM is being 
accessed. When data is accessed from the lower half, the 
QSF is LOW; when data is accessed from the upper half, 
QSF is HIGH (see Figure 1). When using the MT43C4257 or 
any standard VRAM in the split SAM mode, the transition 
between SAM halves occurs only when the SAM-half 
boundary is reached by the Address Pointer. This is address 
count 255 for the lower half and 511 for the upper half. 
When this boundary is reached, the new Tap Address for 


the next SAM-half is loaded ("X" for the lower, "Y" for the 
upper) . The following SC will access data from the new half. 

MT43C4258 — SSF INPUT 

The MT43C4258 introduces functionality to the TPDRAM 
that is not available on standard VRAMs. By making the 
"QSF" pin an input (SSF), a higher degree of design flexibil- 
ity is offered to the system engineer. The SSF applies only to 
split transfer cycles. It will allow access to be switched from 
one half of the SAM to the other at will. If SSF is HIGH at the 
rising edge of serial clock, the split SAM access will be 
switched to the other half of the SAM (See Figure 2). 

By taking SSF HIGH for the rising edge of a serial clock 
(location "A" for the lower half, "B" for the upper), the 
access from the current half may be terminated. Data from 
this clock will appear on the outputs when in serial output 
mode or will be written if in serial input mode. 

The next serial clock will access data at the new Tap 
Address ("X" for the lower, "Y" for the upper) of the next 
half. The SSF input acts as a "stop address" input so the 


sc 


SDQ 


Lower Half SAM Upper Half SAM 


0 X 255 256 Y 511 



Figure 1 

QSF OPERATION FOR THE MT43C4257 (SERIAL OUTPUT) 
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designer can "force" the access from one half to the next 
when desired. When operating in the split SAM mode, this 
option allows different sized "blocks" of data to be input or 
output from the SAM half regardless of the Tap Address 
and Stop Point. This feature is useful when performing 
pans, zooms and scrolling in video-graphics systems and 
for handling distinct packet sizes in networking or control- 
ler applications. 

SUMMARY 

The difference between the MT43C4257 and MT43C4258 
is only the variance in the functionality of the "QSF" pin. 


The MT43C4258 SSF input pin results in more efficient 
handling and therefore higher throughput of input or out- 
put data in either SAM. This improves the performance of 
video-graphics and networking systems by providing high 
clock speed and no latency time between reaching the Stop 
Point of valid data in one half and the loading of the new 
Tap Address for the next half. 

The SSF functionality is also available on the x8 versions 
of the TPDRAM, the MT43C8128 (QSF) and MT43C8129 
(SSF). Refer to the data sheets for detailed timing and 
functional descriptions. 


Lower Half SAM 

X A 


Upper Half SAM 

Y B 



Figure 2 

SSF OPERATION FOR THE MT43C4258 (SERIAL OUTPUT) 
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TECHNICAL 

NOTE 


SRAM BUS CONTENTION 
DESIGN CONSIDERATIONS 


INTRODUCTION 

High-speed SRAM memory systems normally share a 
common data bus with other memory devices, processors 
and memory management or caching devices. All of these 
devices are required to control data bus at one time or 
another. Turning off a device that is driving the bus before 
a new device takes control of the bus can be a difficult 
design problem when these systems are operating at mini- 
mum cycle times. 

When two or more devices are driving the bus at the same 
time, a conflict known as "bus contention" occurs. This 
technical note discusses bus contention design issues and 
points out features in the design of Micron's fast SRAMs to 
help minimize bus contention problems. 


BUS CONTENTION EFFECTS 

System-design problems caused by bus contention are 
difficult to analyze. The effects are transient, normally not 
longer than 5ns. The most visible result of bus contention is 
observed as noise on power-supply lines and data lines 
connecting the contending devices. While these conflicts 
are not destructive, they potentially reduce long-term sys- 
tem reliability. However, in most cases, they do not affect 
system performance when all the active components are 
MOS. 

MOS devices are inherently self-current limiting. As the 
current through a MOS transistor increases, the transistor 
heats up and its gain decreases. Bipolar transistors have the 
opposite behavior. When a bipolar transistor's temperature 



Figure 1 

BLOCK DIAGRAM OF A CACHE MEMORY SYSTEM 
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Vcc Vcc 



Figure 2 

BUS CONTENTION CURRENT PATH 


is elevated, the gain of the device increases, making it 
possible for the current through the transistor to increase to 
a destructive level. This phenomenon is known as thermal 
runaway. If CMOS SRAMs share any data lines with bipo- 
lar or BiCMOS output devices, the system should be de- 
signed to eliminate any possibility of bus contention. 

Figure 2 is a schematic diagram of two contending SRAM 
output buffers. A high current path has been created by two 
SRAM output buffers. The current is flowing between the 
"on" transistor connected to Vcc in the buffer on the left and 
the transistor connected to ground in the buffer on the right. 

SRAM SPECIFICATIONS 

The critical parameters for calculating the amount of bus 
contention for a high-speed SRAM system design is the 
time it takes for a device to go to a low-impedance state 
(logic 1 or 0) on its output versus the time required for a 
contending output to go to a high-impedance state. A 
typical SRAM has three control signals; chip enable (CE), 
write enable (WE) and output enable (OE). ^ZCE, 'TZWE 
and T.ZOE are the times it takes for the outputs to become 
active or low impedance upon the assertion of CE, WE and 
OE. ^ZCE, t HZWE and t HZOE are the times required for 


the outputs to become inactive or high impedance after CE, 
WE and OE are removed. These times are shown in the 
READ and WRITE cycle timing diagram (Figure 3). 

A preliminary review of a fast SRAM data sheet would 
imply that the worst case for bus contention could be 
calculated from the equation: 

*C = *HZ (MAX) - l LZ (MIN) 

where *C is equal to the bus-contention overlap time. 
For an output enable change in an SRAM rated at 20ns 
access time, *HZ = 7ns and *LZ = 2ns; therefore *C = 5ns. If 
this calculation is correct, there would be a serious bus 
contention problem. Thus, for a system running with a 20ns 
cycle, almost 25 percent of the total cycle would be lost to 
bus contention and there would be a large increase in power 
dissipation in the output buffers. 

Happily, the previous analysis is not valid because *HZ 
maximum occurs at completely different test conditions 
than t LZ minimum. *HZ maximum is worst-case at the 
highest operating temperature and the lowest power-supply 
voltage. On a commercial data sheet, this would be at 70° C 
and 4.5V. t LZ minimum is specified at the lowest operating 
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Figure 3 

READ AND WRITE CYCLE TIMING 


temperature and the highest voltage. Again, on the 
commercial data sheet, this would be 0° C and 5.5V. It is not 
possible for two SRAMs on the same board to be at such 
diverse temperatures and voltages. In a "real world" 
system — that is one with an equal operating environment 
for temperature and power supply voltage — b HZ - t LZ is 
approximately 0.2ns. 

Futhermore, Micron fast SRAMs have been designed to 
insure the outputs always turn off faster than the they turn 


on when operating at the same voltage and temperature: 
l HZ < t LZ. Since the devices will normally be mounted on 
the same board, the bus contention associated with the 
SRAM control signals has been minimized. 

Care must be taken when mutiple vendors' SRAMs share 
the bus. An analysis of the output turn-off time must be 
done under the same operating and temperature conditions 
to insure that bus contention between the devices is 
minimized. 
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TECHNICAL SRAM CAPACITIVE 

NOTE LOADING 


INTRODUCTION 

Many high-speed 16-bit and 32-bit microprocessor sys- 
tems require fast SRAMs. SRAMs are used either in main 
memory or caching subsystems. In either case, the SRAMs 
are typically required to interface with a system bus that is 
shared by one or more microprocessors, several I/O devices 
and other types of memory (i.e. ROM, EPROM, etc.). 

Even though transceivers and/or buffers interface with 
the actual bus, SRAMs are typically required to drive loads 
larger than what is specified in the data sheet timing param- 
eters. Hence, the access time must be derated to reflect the 
actual performance of the SRAM under these circumstances. 

SIMILARITY BETWEEN SRAM FAMILIES 

Micron's 16K, 64K, 256K and 1 Meg SRAM families all 
have the same size output transistors and output architec- 
ture. Hence, all devices will have the same drive character- 
istics. The actual data presented in this technical note are 
derived from the 256K SRAM family. 


COMPARISON OF DEVICES 

Figure 1 compares the effects of capacitive loading on the 
Micron SRAM family with SRAMs from a typical memory 
supplier and discrete CMOS logic, designed to drive heavy 
loads. The graph illustrates the additional access time re- 
quired to drive various capacitive loads. 

As expected, the Micron SRAM family does not drive 
heavy loads as well as the discrete CMOS logic, but does 
drive faster than the typical SRAM from other suppliers. 

The graph line which represents the Micron SRAM fam- 
ily is based on data gathered on the Micron 256K SRAM. 
Access time measurements were taken with the SRAM 
subjected to various capacitive loads. In the range covered, 
the change in access time was seen to be a linear function of 
the capacitive load. The following equation may be used to 
determine the access time required for a specific load. 

T AA (actual) = T AA (data sheet) + T AA (additional) 

T AA (additional) (ns) = .022 (ns/pf) C a 
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Figure 1 

INCREASED ACCESS TIME vs 
ADDITIONAL OUTPUT LOADING 


This applies where C a is the additional capacitive load 
expressed in picofarads (pf). 

For example, the access time needed for a lOOpf total 
capacitive load is: 

T AA (actual) = 20ns + T AA (additional) = 

20ns + .022 * (total load - rated load) = 

20ns + .022ns/pf * (lOOpf - 30pf) = 

20ns + 1.5ns = 21.5ns 

SUMMARY 

The SRAM timing specifications of all major vendors are 
based upon an industry-standard capacitive load of 30pf. In 
most applications, the SRAMs are required to drive much 
larger capacitive loads. In addition, today's designs are 
implemented around higher frequencies. This requires the 
system timing be more precise; hence, loading becomes a 
more important issue. Understanding how the SRAM will 
perform under specific loading conditions may result in a 
more reliable design. 
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TECHNICAL 

NOTE 


1 MEG FAST SRAM 
TYPICAL OPERATING 
CURVES 


INTRODUCTION 

These curves represent the typical operating charac- 
teristics of Micron's 1 Meg, 25ns SRAM. They may be used 
to calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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TECHNICAL 

NOTE 


256K FAST SRAM 
TYPICAL OPERATING 
CURVES 


INTRODUCTION 

These curves represent the typical operating characteris- 
tics of Micron's 256K, 20ns SRAM. They may be used to 
calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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64K FAST SRAM 
TYPICAL OPERATING 
CURVES 


INTRODUCTION 

These curves represent the typical operating characteris- 
tics of Micron's 64K, 12ns SRAM. They may be used to 
calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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APPLICATION 

NOTE 


MT56C081 6 CACHE DATA 
SRAM FAMILY 


INTRODUCTION 

The Micron MT56C0816 Cache Data SRAM family was 
developed in response to a need for compact cache sub- 
systems for the Intel™ 80386 microprocessor. Applications 
using the 80386 demand maximum performance, and 
DRAM technology cannot meet the fast access times re- 
quired for zero-wait-state operation. Statistics show that a 
small cache subsystem allows the majority of 80386 memory 
accesses to be completed within the 80386 cycle time. This 
eliminates the need for wait states 1 to be added to the 
memory cycle, allowing the 80386 to operate at its maxi- 
mum performance level. The cache can be designed using 
fast commodity SRAMs. 

However, the Micron Cache Data SRAM allows cache 
subsystem designs requiring less space, using less power 
and offering greater reliability than the fast SRAM implem- 
entation. Design and debug times are also reduced, because 
the Micron MT56C0816 is designed to connect directly to 
off-the-shelf 80386 cache controllers. 

This application note explores why caching is needed. It 
then discusses how a cache subsystem works, what influ- 
ences the performance of the cache, and how different cache 
organizations and architectures compare. 

In addition, this application note looks at the most popu- 
lar off-the-shelf controllers available to implement a cache 
subsystem. It compares several fast SRAM and cache data 
SRAM implementations with those controllers. Finally, a 
summary of the cache data SRAM advantages is shown. 

BACKGROUND 

Microprocessors have typically interfaced directly to 
DRAM (dynamic random-access memory) main memory 
due to their relatively slow clock speeds and multiple clock 
instruction cycles. But over the past few years, complex- 
instruction-set computer (CISC) microprocessors have 
driven the clock frequencies into the 20, 25 and 33 mega- 
hertz (MHz) range. The two most dominant CISC architec- 
tures are the 80X86 and 680X0. The number of clock cycles 
needed to execute a specific instruction has steadily de- 
creased and is now approaching a single clock cycle for 
many instructions. 

The introduction of reduced-instruction-set computer 
(RISC) architectures has fueled the quest for higher clock 
frequencies and reduced clock cycles for each instruction 
executed. Some of the predominant RISC architectures 
include SPARC™, 80960, R3000, 29000 and 88000. RISC 
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architectures requiring the absolute minimum number of 
clock cycles for each instruction are not only approaching 
single clock execution, but in some cases are able to sustain 
multiple instruction execution in a single clock cycle. CISC 
microprocessors are not far behind, and the competition 
between the CISC and RISC camps is driving processor 
designers to continuously reach for maximum performance. 

This new era of performance is placing heavy demands 
on memory subsystems that heretofore have been able to 


1 Wait states are one or more additional processor clock 
cycles added to the memory access cycle. These extra clock 
cycles keep the processor idling while memory has time to 
respond to the memory request. For a given processor's 
clock speed, the number of wait states needed to complete a 
memory access is directly related to how fast the memory can 
respond to a read or write request initiated by the micropro- 
cessor. 

For example, the 80386 can complete a memory cycle in 
two clock periods. With a 25MHz processor, this allows 80ns 
for the processor to output its address to the memory array. 
It also provides time for the decode circuitry to supply the 
necessary signals to the memory and enables the memory to 
respond once it has received the necessary signals. In typical 
applications, the speed of the memory array that is needed 
to avoid any wait states is 35ns. 
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keep pace. For example, an 80386 processor operating at 25 
MHz requires a memory access time of close to 40ns if it is 
to operate at maximum performance (i.e. no wait states): 

2 x clock cycle time - address delay - data setup - decode 
logic and buffer delay = (2 * 40) - 21 - 7 - 10 = 42ns 



Current DRAM access speeds are in the 70ns to 80ns 
access range. Even with faster access techniques such as 
FAST PAGE and STATIC COLUMN modes, the DRAM 
access time is not sufficient to meet zero-wait-state access 
times. 

The alternative to adding wait states to the system and 
thus degrading performance is to design a system architec- 
ture that makes the memory appear faster to the CPU. 
Approaches that have been implemented include organiz- 
ing the DRAM in multiple banks, adding some fast SRAM 
for specific code and data or caching. 

The use of a cache is applicable in high-end systems as 
well as cost-conscious, medium-performance systems. At 
the high end, where the goal is to maximize performance on 
every processor cycle, the only alternative to cache is the use 
of very fast SRAMs as the main memory to achieve zero- 
wait-state performance. This is a very expensive solution. 
The medium performance systems must constantly balance 
performance and cost. A small cache in these systems can 
achieve much higher performance with a relatively small, 
incremental cost. 



CACHE OVERVIEW 

WHAT IS A CACHE 

A cache is small, fast, local storage for frequently accessed 
code and data. It consists of high-speed memory (usually 
SRAM) that resides between the CPU and the main memory 
(usually DRAM) in a processor system. Figure 1 illustrates 
a typical block diagram of an 80386-based cache system. 

The cache increases the effective speed of the main mem- 
ory by responding quickly with a copy of the most fre- 
quently used items in main memory. The cache control 
logic checks the address of each memory access and, if it is 
present in the cache, allows the cache to respond instead of 
main memory. Accesses to the cache are much faster (typi- 
cally zero wait states) than accesses to main memory. The 
more accesses that are made to the cache, the better the 
overall system performance. Hence the goal in designing a 
cache is to maximize accesses to the cache (known as the 
cache hit rate). 

WHY A CACHE WORKS 

The theory of a cache is based on two attributes of 
computer programs: temporal locality and spacial locality. 
Temporal locality ( locality of time) is an attribute exhibited 
by computer programs where the same addressed code and 
data are used repeatedly in a short time. This behavior is 
typified by program loops, a very prevalent programming 
structure. Spacial locality (locality of place) is a computer 
program attribute in which the next needed information is 
found near the information that was just accessed. This 
occurs in most programs since related data are stored 
together (data tables, arrays, etc.) and instructions (code) 
are typically executed in sequence. 

In a cache design, main memory may be thought of as a 
collection of many small, uniform segments. The cache 
contains a copy of one or more of these small memory 
segments that have been used recently. When the processor 
executes a read from main memory, the cache control 
determines if that address is contained in one of the small 
memory segments that are currently resident in the cache 
memory. If so, the access is completed by the cache. If not, 
the access is completed by main memory and the memory 
segment that has just been accessed is placed into the cache 
for future use. The attribute of spacial locality implies that 
the information needed next will also be found in the same 
memory segment just accessed, which is now located in the 
cache. The attribute of temporal locality implies that the 
memory location, just accessed, will be used again in the 
near future. 


Figure 1 

TYPICAL 80386-BASED CACHE SYSTEM 
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PERFORMANCE FACTORS 

The performance of the cache (and hence the system) is 
measured by the cache hit rate, which is the percentage of 
successful cache accesses. The cache hit rate is determined 
by specific demands of software being executed and by 
cache-management policies. 

The design factors that influence cache hit rate are: total 
cache memory size, cache memory organization (associa- 
tivity), and cache transfer block size. These factors are all 
interrelated and each needs attention to obtain the opti- 
mum cost-effective result. Each factor presents trade-offs of 
performance, complexity and cost. One factor may be de- 
creased for cost reasons while another may be increased to 
improve performance. The same or better hit rate may still 
be obtained. However, the complexity might be increased 
also. The cache designer must carefully weigh each factor to 
achieve the best overall cost /performance/ complexity ra- 
tio. Table 1 compares the cache hit rate of several cache sizes 
with varying associativity and line sizes. 


Table 1 


CACHE HIT RATES 

Cache Configuration 


Hit Rate 

Size 

Associativity 

Line Size 

(%)* 

(KB) 


(Bytes) 

41 

1 

Direct 

4 

73 

8 

Direct 

4 

81 

16 

Direct 

4 

86 

32 

Direct 

4 

87 

32 

Two-way 

4 

88 

64 

Direct 

4 

89 

64 

Two-way 

4 

89 

64 

Four-way 

4 

89 

128 

Direct 

4 

89 

128 

Two-way 

4 

91 

32 

Direct 

8 

92 

64 

Direct 

8 

93 

64 

Two-way 

8 

93 

128 

Direct 

8 


* Rounded to the nearest whole percent. 


COHERENCY 

Since the cache is a temporary buffer for a section of main 
memory, the cache designer must take into consideration 
how to keep the data consistent between main memory and 
the cache. This is called cache coherency. 

There are instances when an address in the cache might 
not contain the same information as the same address in 
main memory. One such situation occurs during a write 
cycle, where a cache data element is updated to a new value. 
Now the address in main memory and the same address in 
the cache have two different values, with the cache contain- 


ing the newest value. The main memory needs to be up- 
dated to contain the same information. This is controlled by 
the write policy of the cache. 

Another such instance occurs when another processor 
writes information to a main memory address that is also 
located in the cache. This situation is handled by "snooping" . 
Snooping occurs when the main memory bus is always 
watched by the cache logic. If a write occurs to a main 
memory address identical to a cached address, that cache 
address is marked invalid. This guarantees that if that 
address is accessed, it will be updated as main memory is 
accessed for the requested data. 

There are two types of cache write policies: write-through 
and copy-back. A write-through cache will write to both 
main memory and the cache on each write cycle whenever 
the addressed location is found to be resident in the cache. 
This ensures that the cache and main memory are always 
coherent, but it requires more main memory accesses, thus 
increasing bus usage. This also decreases performance due 
to the large amount of accesses to slower main memory. The 
main memory accesses may be made more efficient with the 
addition of write buffers, but this also adds significant 
complexity and coherency problems in the buffers. 

The copy-back policy writes only to the cache, if the 
address location is present (cache hit), and allows the CPU 
to proceed. This allows maximum system performance. 
However, the main memory still needs to be updated. The 
update of main memory occurs when the line that contains 
the write address in the cache is replaced by a new line. 
Main memory write updates occur far less often than the 
update policy of a write-through design. The copy-back 
policy also has its drawbacks. Instead of only replacing the 
data element (possibly one byte) that was written, all the 
bytes in the line are replaced. This may be as many as four, 
eight, 16 or more. This can result in a large time penalty 
when a copy-back occurs. 



CACHE CONTROLLERS 

It quickly becomes apparent that all variables in cache 
design are interrelated and all have trade-offs. For most 
designs, especially those in the micro arena, caching repre- 
sents a new realm and can bog down a design if done from 
scratch. Fortunately, several companies have designed off- 
the-shelf cache controllers, which take into consideration 
all the trade-offs and performance factors. These controller 
implementations meet the majority of the needs of the 80386 
cache market. 

The three most popular 80386 cache controllers — Intel's 
82385, Austek's A38202 and Chips & Technologies' 82C307 
and Peak™ — were designed to interface with standard 
SRAMs as well as additional address latches and possible 
transceivers. 
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DIRECT-MAPPED VERSUS TWO-WAY-SET 
IMPLEMENTATION 

The use of an off-the-shelf cache controller eliminates 
most of the decisions that would occur in a discrete design. 
The trade-offs that have been made include line size, write 
update policy, and in some cases, even the cache size and 
associativity. The majority of controllers allow the user to 
configure only the associativity (direct or two-way set) and 
the cache size. The controllers support, without additional 
logic, both the TWO-WAY-SET ASSOCIATIVE and DI- 
RECT-MAPPED modes. 

The trade-off between DIRECT-MAPPED and TWO- 
WAY-SET ASSOCIATIVE modes is typically one of in- 
creased hit rate versus added complexity. Since the con- 
trollers have integrated the complexity, it might seem that 




the only logical choice is to use the TWO-WAY-SET AS- 
SOCIATIVE mode. Assuming a 32 kilobyte (KB) cache, the 
direct mode will require four 8K x 8 SRAMs (one bank of 8K 
x 32 bits) while two-way mode will require 1 6 4K x 4 SRAMs 
(two banks of 4K x 32 bits). Figure 2 contains typical block 
diagrams illustrating implementations of DIRECT- 
MAPPED and two-way-set designs. 

The trade-off then is in the additional SRAMs for two- 
way set. This is reflected as incremental cost, power and 
board space needed to achieve the higher hit rate obtained 
over the direct-mapped implementation. For the 32KB cache 
size, the additional hit rate of the two-way set implementa- 
tion is generally chosen if the board space is available. In the 
medium-to-high-end performance market, the extra per- 
formance (see Table 1) delivered by the two-way set design 
is worth the extra cost. 

Table 2 compares the board real estate and power re- 
quirements of each configuration. The two-way-set imple- 
mentation requires eight 74F245 transceivers to control the 
flow of data between each bank and the common data bus. 
Figure 3 illustrates the board space requirements of each 
implementation. 

The assumptions used for the board space comparison 
were .050 inch chip-to-chip spacing and .050 inch outside 
border around the circuitry. The power comparison is 
based on a 25MHz design assuming 10ns decoding delay. 
This gives the following equation for the cache 8K x 8 
SRAM access time: 

Cache SRAM available access time = 4 * 386CLK2 - 386 

address delay - 386 ready setup - SRAM enable decode - 

74F373 delay = (4 * 20ns) - 21ns - 9ns - 10ns - 9ns = 31ns. 

The 8K x 8 configuration would require SRAMs with an 
access time of 25ns. For the two-way-set configuration, an 
additional 6ns must be subtracted for the delay through the 
74F245 transceivers. This barely provides 25ns for the 
4K x 4 SRAM access time in this latter implementation. Any 
other delays that exist in the data access path must also be 
taken into consideration. In the case of the 4K x 4 SRAMs, a 
20ns part will probably be required. 

Table 2 


32KB CACHE CONFIGURATION COMPARISON | 

Configuration 

SRAM 

# SRAMs 

Area (in 2 ) 

Power (W) 

Direct-Mapped 

8K x 8 

4 

3.23 

2.75 

Two- Way-Set 

4K x 4 

16 

10.57 

10.55* 


TWO-WAY-SET BLOCK DIAGRAM 
Figure 2 


* The 4K x 4 configuration incorporates two banks of eight 
SRAMs each. One bank is active while the other is in standby 
mode. This fact was used in the power calculations. 
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MT56C0816 INTEGRATED CACHE SRAM 



The MT56C0816 is an application-specific 8K x 16 SRAM 
designed for, but not limited to, cache data SRAM imple- 
mentations. TheMT56C0816 is designed to be used in either 
direct-mapped or two-way-set designs. It incorporates an 
on-chip address latch, on-chip multiplexing between the 
two SRAM banks (for two-way-set mode), fast output 
enable times, and low-power consumption. 

Almost all designs have used the MT56C0816 in the two- 
way-set mode of operation. This is due to the fact that the 
MT56C0816 eliminates the major problems in implement- 
ing the two-way-set mode architecture, namely the cost, 
space and power. Before the MT56C0816, a two- way-set 
implementation required three times the board space and 
four times the power of a direct-mode design when using 
standard SRAMs. 

Due to the integration of on-chip address latches and 
multiplexors, often a lower-speed MT56C0816 can be used 
in place of a higher-speed, more costly standard SRAM. The 
advantages of the MT56C0816 don't stop here. It is widely 
second-sourced by other suppliers, the access time has been 
reduced to 20ns and it is available in the smaller PQFP 
package. 

Table 3 compares the board space, power and access time 
requirements of standard SRAMs and both packages of the 
MT56C0816 in a 32KB cache design. The numbers pre- 


Table 3 


Cache SRAM Comparison (33MHz) 

Device 

Number 

PC Board 

Power (w) 

Access 


of Devices 

Area 


Speed (ns) 
Required 

MT56C081 6 
PQFP 

2 

1.00 

2.2 

25 

MT56C0816 

PLCC 

2 

1.94 

2.2 

25 

8K x 8 SOJ 

4 

2.28 

3.15 

15 

74F373 SOIC 

2 




8K x 8 DIP 

4 

3.99 

3.15 

15 

74F373 DIP 

2 




4K x 4 SOJ 

16 

8.58 

12.15* 

12 

74F373 SOIC 

2 




74F245 SOIC 

8 




4K x 4 DIP 

16 

13.05 

12.15* 

12 

74F373 DIP 

2 




74F245 DIP 

8 





* The 4K x 4 configuration incorporates two banks of eight 
SRAMs each. One bank is active while the other is in standby 
mode. This fact was used in the power calculations. 


sented are applicable to both direct-mapped and two- way- 
set implementations for the MT56C081 6 and 4K x 4 SRAMs. 
The use of 8K x 8 SRAMs in a two-way configuration 
requires a minimum of 64KB in the cache and are not 
considered in the comparison. The same board area as- 
sumptions are used in Table 3 as in Table 2 regarding chip- 
to-chip and circuitry border spacing. The area values are 
normalized to the MT56C0816 in the PQFP package. 

The SRAM access time and power considerations are 
based on a 33 MHz 80386 design assuming a 10ns enable 
decode time. The cache SRAM access time equation is as 
follows: 

Cache SRAM access time = 4 * 386CLK2 - 386 address 
delay - 386 ready setup - SRAM enable decode - 74F373 
delay = (4 * 15ns) - 15ns - 7ns - 10ns - 9ns = 19ns 

This will require 8K x 8 SRAMs with a 15ns access time. The 
4K x 4 implementation requires that the transceiver delay 
time (6ns) also be subtracted, which leaves only 13ns. 
Hence, a 12ns part must be used. The MT56C0816 incor- 
porates the address latch on-board and thus allows 9ns to be 
added back into the SRAM access time. This yields a 28ns 
access time for a MT56C0816 design, which is easily met by 
the 25ns part. This access time is applicable to both the 
direct mode and two-way set configurations since the data 
multiplexing is also on-chip. 

Figures 4 and 5 illustrate the board space required by the 
MT56C0816 and the standard SRAM configurations that 
are summarized in Table 3. 

OPTIMUM SYSTEM 

The available, off-the-shelf cache controllers allow very 
quick and efficient cache subsystem designs for 80386- 
based systems. And an off-the-shelf controller teamed with 
the MT56C0816 maximizes the system performance /cost 
ratio. The MT56C0816 allows the controller to be employed 
in its highest performance mode, two-way-set associativ- 
ity, without the disadvantages incurred using standard 
SRAMs. 

A two- way-set design using the MT56C0816 requires 
only two parts versus 10 for an 8K x 8 SRAM implementa- 
tion and 26 for a 4K x 4 implementation. A direct-mapped 
design using the MT56C081 6 requires only two parts versus 
six for an 8K x 8 SRAM implementation and 26 for a 4K x 4 
implementation. In addition to the board-space, power, 
and integration advantages, the MT56C0816 offers a direct 
connection to the controllers. This means higher system 
reliability and easier design and debugging over the stan- 
dard SRAM implementations. Figure 6 shows a detailed 
diagram of a system using the MT56C0816. 
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MT56C0816 PQFP 


MT56C0816 PLCC 



8K x 8 SOJ/SOIC 



8K x 8 DIP 



MT5C1604 I IMT5C1604 I |MT5C1604| IMT5C1604I |MT5C1604| IMT5C1604 I I MT5C1604I I MT5C1604 



SOJ I I SOJ II SOJ II SOJ || SOJ II SOJ II SOJ || SOJ 


05in l ImT5C1604 I IMT5C1604 I I MT5C1604 I ImT5C1604 I ImT5C1604| ImT5C1604 I I MT5C1604I ImT5C1604| 


SOJ | | SOJ || SOJ || SOJ || SOJ || SOJ || SOJ || SOJ 



74F245 74F245 74F245 74F245 74F245 74F245 74F245 74F245 

SOIC SOIC SOIC SOIC SOIC SOIC SOIC SOIC 



4K X 4 SOJ/SOIC 


Figure 4 
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Table 4 


MICRON CACHE SRAM FAMILY 

Part# 

Description 

Speed (ns) 

Package 

Availability 

MT56C0816 

Dual 4K x 16 or 8K x 16 

Addresses 0 through 1 1 are latched 

20, 25, 35 

PLCC 

PQFP 

Now 

MT56C0818 

Dual 4K x 18 or 8Kx 18 

Addresses 0 through 1 1 are latched 

20, 25, 35 

PLCC 

PQFP 

Now 

MT56C2818 

Dual 4K x 18 or 8Kx 18 

80486 self-timed write; used on 

Intel Turbocache486™ module 

24, 28 

PLCC 

PQFP 

Now 

MT56C3816 

Dual 4K x 16 or 8K x 16 

Addresses 0 through 12 are latched 

20, 25, 35 

PLCC 

PQFP 

Feb. 1991 

MT56C3818 

Dual 4K x 18 or 8K x 18 

Addresses 0 through 12 are latched 

20, 25, 35 

PLCC 

PQFP 

Feb. 1991 

MT56C1616 

Dual 8K x 16 or 16K x 16 

Addresses 0 through 1 2 are latched 

15, 20, 25 

PLCC 

PQFP 

2H 1991 

MT56C1618 

Dual 8Kx 18 or 16K x 18 

Addresses 0 through 12 are latched 

15, 20, 25 

PLCC 

PQFP 

2H 1991 

MT56C3616 

Dual 8K x 16 or 16K x 16 

Addresses 0 through 13 are latched 

15, 20, 25 

PLCC 

PQFP 

2H 1991 

MT56C3618 

Dual 8K x 18 or 16K x 18 

Addresses 0 through 1 3 are latched 

15, 20,25 

PLCC 

PQFP 

2H 1991 

MT56C2618 

Dual 8K x 18 or 16K x 18 

80486 self-timed write 

17, 24, 28 

PLCC 

PQFP 

2H 1991 


MORE SOLUTIONS 

An entire family of cache-specific data SRAMs is avail- 
able. Table 4 lists the members of the cache SRAM family. 

In addition. Micron was the first to introduce the 
MT56C0816 both in a 20ns access speed and in the thin, 
small-outline PQFP package. 

SPECIAL CONSIDERATIONS 

The Micron MT56C0816 was designed for a specific 
generation of cache implementations for the 80386. That 
generation required a nonlatched A12 address and a faster 
A12 access time. Since then, designs employing certain off- 
the-shelf controllers are more efficiently implemented if 
address line A12 is latched on the cache data SRAM. These 
designs do not require the faster A12 access time. In order 
to keep pace with the everchanging design community 
Micron will introduce in the Ql/1991 time-frame versions 
of the MT56C0816 and the MT56C0818 with address A12 
latched. The part numbers of these new devices are 
MT56C3816 and MT56C3818 respectively. 

The latched A12 version of the cache data SRAM can be 
appealing in 80386DX designs where the cache uses a two- 
way-set associative architecture and the cache size is 64KB 
or larger. The latched A12 parts are applicable for 80386SX 
designs where the cache is structured using a two-way-set 
associative organization and the cache size is 32KB or 
larger. Designs using a direct-mapped architecture essen- 
tially use the cache data SRAM as an 8K x 16 SRAM and as 


such the latched version would be advantageous in all 
cases. 

Whether the latched or unlatched A12 version of the 
cache data SRAM is more advantageous depends entirely 
on the specifics of each individual design. 

SUMMARY 

The Micron MT56C0816 has been as important to 80386 
caching solutions as the off-the-shelf controllers from Intel, 
Austek and Chips & Technologies. The direct connection of 
the MT56C0816 to controllers makes the implementation 
more appealing for the designer from both a design and 
debug standpoint. The reduced board space, power and 
comparable cost to commodity SRAM implementations are 
advantages that make the MT56C0816 the right choice for 
new designs. Implementations using the MT56C0816 add 
reliability to the system due to the reduced component 
count. The MT56C081 6 offers other less obvious cost advan- 
tages. Reduced board space requirements directly affect 
board manufacturing costs and allow more components to 
be placed on the board. Better reliability means lower costs 
due to fewer returns and fewer board revisions. Other costs 
that the MT56C0816 minimizes over the standard SRAM 
solutions are inventory and assembly costs. 

Clearly the Micron MT56C0816 is a superior solution to 
standard SRAMs in cache designs. 
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GENERAL INFORMATION 

As a major supplier to the defense electronics industry. 
Micron offers an extensive array of speeds and 
configurations compatible with military-standard pinouts. 
A wide selection of devices are available to fit both Standard 
Military Drawings (SMD) and Joint Army-Navy (JAN) 
Level-B specifications — SRAMs, DRAMs and Multiport 
DRAMs. 

Micron maintains the MIL-M-38510 certification status 
for all its fabrication facilities. Micron's CMOS and NMOS 
process technologies are both JAN certified. Our military- 
grade SRAM modules meet or exceed the proposed 
standards of the JEDEC JC-1 3 Module Committee. Currently, 
we are waiting for DESC to announce approval of these 
MIL-STD-883 standards. 

Micron's entire military assembly takes place in Boise, 
Idaho. Micron produces and tests our military products to 
specifications that meet or exceed the requirements of MIL- 
M-38510 and MIL-STD-883, methods 5004 and 5005. Every 
Micron product is tested on the AMBYX,™ a unique, 
intelligent burn-in system designed by Micron to eliminate 
infant mortalities. Our internal processes provide an 
extensive data base that allows complete statistical process 
control and test data in real time. 

Many of Micron's military products have received military 


qualification, including the 1 Meg VRAM and 1 Meg SRAM. 
To date, military qualification is pending on Micron's 4 Meg 
DRAMs and various SRAM modules. Products under 
development include cache data SRAMs and FIFOs. New 
package configurations will include a ceramic vertical (CV) 
package that meets high-density, through-hole designs. 
Micron is also looking into J-leaded LCC packages for high- 
density boards. 

Memory devices for military and space-level applications 
require both radiation tolerance and latch-up immunity. 
Micron is currently in the process of characterizing select 
CMOS SRAM and DRAM devices for total dose, dose rate 
and latch-up immunity. 

Micron is continually evaluating and improving our 
radiation tolerance processes on our military and commercial 
products for future use on land, sea and in space. We're 
assessing our 1 Meg SRAM, 4 Meg DRAM and 1 Meg 
VRAM devices beyond standard MIL-STD-883 and JAN 
Level-B requirements. Micron is developing a process flow 
that parallels the requirements of Class-S to be used for 
products not requiring Class-S compliance. These products 
will offer the high density and speed necessary in space- 
level applications. For more information, please refer to 
Micron's Military MOS Data Book. 
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MICRON MIL-STD-883C COMPLIANT PRODUCT ASSURANCE FLOW 

Description of 

Methods and Test 


Requirements and Screens 

Conditions 

Comment 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev. C 

Establish and implement a plan for 
a product assurance program 


2. Certification 

Manufacturer's QA survey 

Self audit 

3. Traceability 

Traceable to wafer production lot 

Computer lot history records 

4. Country of Origin 

N/A 

Devices manufactured. 

(Not required for 883C) 


assembled and tested in 

Boise, Idaho USA 

MIL-STD 883 Fabrication 

5. Incoming Materials 

Receiving inspection 

Vendor audits 

6. Wafer Fabrication 

Method 2018, SEM monitors 

Sample 

7. Assembly 

Process monitors 

Sample 


Statistical process controls 

Sample 

MIL-STD 883, Class B, Rev. C, Method 5004 Screening 


8. Internal Visual 

Method 2010, cond. B 

100% 

9. Thermal Shock 

Method 1010, cond. B 

100% 

10. Constant Acceleration 

11. Hermeticity 

Method 2001, cond. E 

100% 

A. Fine Leak 

Method 1014, cond. A 

100% 

B. Gross Leak 

Method 1014, cond. C 

100% 

12. Initial Electricals 

Manufacturer's documented 
data sheet 

100% 

13. Burn-in 

Method 1015 

100% 

14. Final Electrical Post 

Method 5004, Class B, 

100% 

Burn-in Test 

paragraph 3.1.15, 5% PDA 


15. Marking 

Method 2015 

100% 

16. External Visual 

Method 2009 

100% 

17. Quality Conformance 

Inspection 

Method 5005 in-line Class B 

Groups A, B, C, D 

18. Pack/ Ship 

Includes C of C, with QCI 
data (attributes only) 

100% 

Quality Conformance Inspection per Method 5005 (attributes data only) 


19. Group A 

Manufacturer's documented 
data sheet 

Each inspection lot/ sublot 

20. Group B 

Package functional and 
construction tests 

Each inspection lot/ sublot 

21. Group C 

Die related 

Each microcircuit group, every 4 
calendar quarters 

22. Group D 

Package-related test 

Each package type, every 52 weeks 
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DRAM 


Description 

Speed 

Micron Part Number 

SMD Part Number 
(5962-) 

JAN Part Number 

64K x 1 CDIP 

120ns 

MT4264C-12 883C 




150ns 

MT4264C-15 883C 

8201004EX (-55°C/+125°C) 
8201006EX (-55°C/+110°C) 



200ns 

MT4264C-20 883C 

8201005EX (-55° C/+125°C) 
8201007EX (-55°C/+110°C) 


64K x 1 CLCC 

120ns 

MT4264EC-12 883C 




150ns 

MT4264EC-15 883C 

820100406ZX 



200ns 

MT4264EC-20 883C 

820100607ZX 


64K x 1 Flat Pack 

120ns 

MT4264F-12 883C 

No Drawing 



150ns 

MT4264F-15 883C 

No Drawing 



200ns 

MT4264F-20 883C 

No Drawing 


256K x 1 CDIP 

100ns 

MT1259C-10 883C 

No Drawing 



120ns 

MT1259C-12 883C 

8515203EX 

JM385 10/ 24601 03BEX 


150ns 

MT1259C-15 883C 

85 15201 EX 

JM385 10/ 2460204BEX 

256K x 1 CLCC 

100ns 

MT1259EC-10 883C 

No Drawing 



120ns 

MT1259EC-12 883C 

8515203XX 

JM3851 0 / 24601 03BXX 


150ns 

MT1259EC-15 883C 

851 5201 XX 

JM38510/ 2460204BXX 

64K x 4 CDIP 

100ns 

MT4067C-10 883C 

8767604VX 



120ns 

MT4067C-12 883C 

8767601VX 



150ns 

MT4067C-15 883C 

8767602VX 



200ns 

MT4067C-20 883C 

8767603VX 


64K x 4 CLCC 

100ns 

MT4067EC-10 883C 

8767604XX 



120ns 

MT4067EC-12 883C 

8767601XX 



150ns 

MT4067EC-15 883C 

8767602XX 



200ns 

MT4067EC-20 883C 

8767603XX 


1 Meg xl CDIP 

80ns 

MT4C1024C-8 883C 

No Drawing 

JM3851 0/ 24901 BVX 


100ns 

MT4C1024C-10 883C 

No Drawing 

JM3851 0/ 24902BVX 


120ns 

MT4C1024C-12 883C 

No Drawing 

JM3851 0 / 24903BVX 


150ns 

MT4C1024C-15 883C 

No Drawing 

JM3851 0/ 24904BVX 

1 Meg x 1 CLCC 

80ns 

MT4C1024EC-8 883C 


JM3851 0 / 24901 BZX 


100ns 

MT4C1024EC-10 883C 


JM38510 / 24902BZX 


120ns 

MT4C1024EC-12 883C 


JM3851 0/ 24903BZX 


150ns 

MT4C1024EC-15 883C 


JM3851 0 / 24904BZX 

1 Meg x 1 Flat Pack 

80ns 

MT4C1024F-8 883C 


JM38510/24901BXX 


100ns 

MT4C1024F-10 883C 


JM38510/24902BXX 


120ns 

MT4C1024F-12 883C 


JM3851 0 / 24903BXX 


150ns 

MT4C1024F-15 883C 


JM3851 0 / 24904BXX 
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DRAM 



Description 

Speed 

Micron Part Number 

SMD Part Number 

JAN Part Number 




(5962-) 

(5962-) 

1 Meg x 4 CDIP 

80ns 

MT4C4001C-8 883C 

90847M X 

90847B__X 

100ns 

MT4C4001C-10 883C 

90847M_X 

90847B_X 


120ns 

MT4C4001C-12 883C 

90847M X 

90847B_X 


150ns 

MT4C4001C-15 883C 

90847M_X 

90847B_X 

1 Meg x 4 LCC 

80ns 

MT4C4001EC-8 883C 

90847M_X 

90847B_X 

100ns 

MT4C4001 EC-10 883C 

90847M X 

90847B_X 


120ns 

MT4C4001 EC-12 883C 

90847M X 

90847B_X 


150ns 

MT4C4001 EC-15 883C 

90847MJX 

90847B_X 

1 Meg x 4 Flat Pack 

80ns 

MT4C4001F-8 883C 

90847M X 

90847B X 

100ns 

MT4C4001F-10 883C 

90847MJX 

90847B_X 


120ns 

MT4C4001F-12 883C 

90847M_X 

90847B_X 


150ns 

MT4C4001F-15 883C 

90847M_X 

90847B_X 


4 Meg x 1 CDIP 

80ns 

MT4C1004C-8 883C 

90622M_X 

90622B_X 

100ns 

MT4C1004C-10 883C 

90622M_X 

90622B_X 


120ns 

MT4C1004C-12 883C 

90622M_X 

90622B_X 


150ns 

MT4C1004C-15 883C 

90622M_X 

90622B_X 

4 Meg x 1 LCC 

80ns 

MT4C1004EC-8 883C 

90622M_X 

90622B_X 

100ns 

MT4C1004EC-10 883C 

90622M_X 

90622B_X 


120ns 

MT4C1004EC-12 883C 

90622M_X 

90622B X 


150ns 

MT4C1004EC-15 883C 

90622M_X 

90622B_X 

4 Meg x 1 Flat Pack 

80ns 

MT4C1004F-8 883C 

90622M X 

90622B_X 

100ns 

MT4C1004F-10 883C 

90622M X 

90622B_X 


120ns 

MT4C1004F-12 883C 

90622M X 

90622B_X 


150ns 

MT4C1004F-15 883C 

90622M X 

90622B__X 
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Description 

Speed 

Micron Part Number 

SMD Part Number JAN Part Number 

(5962-) 

64K x 4 CDIP 

100ns 

MT42C4064C-1 0 883C 

89952MJX 


120ns 

MT42C4064C-12 883C 

89952M X 


150ns 

MT42C4064C-15 883C 

89952M_X 

64K x 4 LCC 

120ns 

MT42C4064EC-10 883C 

89952M_X 


150ns 

MT42C4064EC-12 883C 

89952M_X 


200ns 

MT42C4064EC-1 5 883C 

89952M_X 

128K x 8 CDIP 

80ns 

MT42C8128CW-8 883C 

No Drawing 


100ns 

MT42C8128CW-10 883C 

No Drawing 


120ns 

MT42C8128CW-12 883C 

No Drawing 

256K x 4 CDIP 

80ns 

MT42C4256-8 883C 

No Drawing 


100ns 

MT42C4256-12 883C 

No Drawing 


120ns 

MT42C4256-15 883C 

No Drawing 
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SRAM 



Description 

Speed 

Micron Part Number 

SMD Part Number 
(5962-) 

JAN Part Number 

128K x 8 CDIP 

25ns 

MT5C1008C-25 883C 

8959837MZX* 

5962-8959837BZX* 


35ns 

MT5C1008C-30 883C 

8959836MZX* 

5962-8959836BZX* 


45ns 

MT5C1008C-45 883C 

8959835MZX* 

5962-8959835BZX* 

256K x 1 CDIP 

25ns 

MT5C2561C-25 L 883C 

8872505LX 

JM38510/29310BLX 


35ns 

MT5C2561C-35 L 883C 

8872501 LX 

JM38510/29302BLX 


45ns 

MT5C2561C-45 883C 

8872502LX 

JM385 10/ 29301 BLX 

256K x 1 CLCC 

25ns 

MT5C2561 EC-25 L 883C 

8872505XX 

JM385 10/ 293 1 0BNX 


35ns 

MT5C2561 EC-35 L 883C 

8872501XX 

JM38510/29302BNX 


45ns 

MT5C2561 EC-45 883C 

8872502XX 

JM38510/ 29301 BNX 

64K x 4 CDIP 

25ns 

MT5C2564C-25 L 883C 

Note 1 

JM3851 0 / 2931 1 BLX 


35ns 

MT5C2564C-35 L 883C 

88681 01LX 

JM38510/29304BLX 


45ns 

MT5C2564C-45 883C 

8868102LX 

JM385 10/ 29303BLX 

64K x 4 CLCC 

25ns 

MT5C2564EC-25 L 883C 

Note 1 

JM385 10/29311 BNX 


35ns 

MT5C2564EC-30 L 883C 

8868101XX 

JM38510/ 29304BNX 


45ns 

MT5C2564EC-45 883C 

8868102XX 

JM3851 0 / 29303BNX 

64K x 4 CDIP 

25ns 

MT5C2565C-25 L 883C 

8952405XX 

JM385 10/ 293 1 2B YX 

w/OE 

35ns 

MT5C2565C-35 L 883C 

8952404XX 

JM385 10/ 293 1 5B YX 


45ns 

MT5C2565C-45 883C 

8952403XX 

JM38510/29314BYX 

64K x 4 CLCC 

25ns 

MT5C2565EC-25 L 883C 

8952405YX 

JM38510/29312BNX 

w/OE 

35ns 

MT 5C2565EC-30 L 883C 

8952404YX 

JM38510/29315BNX 


45ns 

MT5C2565EC-45 883C 

8952403YX 

JM38510/29314BNX 

32K x 8 CDIP 

25ns 

MT5C2568C-25 L 883C 

No Drawing 

JM385 10/ 293 1 3B YX 

300 MIL 

35ns 

MT5C2568C-30 L 883C 

No Drawing 

JM38510 / 29309BYX 


45ns 

MT5C2568C-45 883C 

No Drawing 

JM3851 0 / 29308BYX 


55ns 

MT5C2568C-55 883C 

No Drawing 

JM3851 0 / 29307BYX 

32K x 8 CDIP 

25ns 

MT5C2568CW-25 L 883C 

Note 1 

JM38510/29313BXX 

600 MIL 

35ns 

MT5C2568CW-35 L 883C 

No Drawing 

JM3851 0 / 29309BXX 


45ns 

MT5C2568CW-45 L 883C 

8866204XX 

JM38510/29308BXX 


55ns 

MT5C2568CW-55 L 883C 

8866205XX 

JM385 10/ 29307BXX 

32K x 8 CLCC 

25ns 

MT5C2568EC-25 L 883C 

Note 1 

JM3851 0 / 293 1 3BNX 

28 PIN 

35ns 

MT5C2568EC-35 L 883C 

No Drawing 

JM38510/29309BNX 


45ns 

MT5C2568EC-45 L 883C 

8866204UX 

JM38510/ 29308BNX 


55ns 

MT5C2568EC-55 L 883C 

8866205UX 

JM385 10/ 29307BNX 


'•'Preliminary 

Note: 1. The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 

for faster devices. 

L: Optional 2V data retention is available on all parts indicated by "L" after speed. 

Optional low- voltage data retention available on all SRAMs. 
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SRAM 


Description 

Speed 

Micron Part Number 

SMD Part Number 
(5962-) 

JAN Part Number 

32K x 8 CLCC 

25ns 

MT5C2568EC W -25 L 883C 

No Drawing 

JM38510/29313BTX 

32 PIN 

35ns 

MT5C2568ECW-30 L 883C 

No Drawing 

JM38510/29309BTX 


45ns 

MT5C2568ECW-45 L 883C 

8866204 YX 

JM385 10/ 29308BTX 


55 ns 

MT5C2568ECW-55 L 883C 

8866205YX 

JM385 10/ 29307BTX 

32K x 8 Flat Pack 

25ns 

MT5C2568F-25 L 883C 

No Drawing 

JM38510/29313BMX 


35ns 

MT5C2568F-35 L 883C 

No Drawing 

JM3851 0 /29309BMX 


45ns 

MT5C2568F-45 L 883C 

8866204TX 

JM3851 0 / 29308BMX 


55ns 

MT5C2568F-55 L 883C 

8866205TX 

JM3851 0 / 29307BMX 

64K x 1 CDIP 

20ns 

MT5C6401C-20 L 883C 

Note 1 



25ns 

MT5C6401C-25 L 883C 

No Drawing 



30ns 

MT5C6401C-30 L 883C 

No Drawing 



35ns 

MT5C6401C-35 L 883C 

8601501XX 


64K x 1 CLCC 

20ns 

MT5C6401 EC-20 L 883C 

Note 1 



25ns 

MT5C6401EC-25 L 883C 

No Drawing 



30ns 

MT5C6401EC-30 L 883C 

No Drawing 



35ns 

MT5C6401EC-35 L 883C 

8601501ZX 


16K x 4 CDIP 

20ns 

MT5C6404C-20 L 883C 

8969204YX 



25ns 

MT5C6404C-25 L 883C 

8969202YX 


16K x 4 CLCC 

20ns 

MT5C6404EC-20 L 883C 

8969204ZX 



25ns 

MT5C6404EC-25 L 883C 

8969202ZX 


8K x 8 CDIP 

15ns 

MT5C6408C-15 L 883C 

382941 8MZX 


300 MIL 

15ns 

MT5C6408C-15 883C 

382941 9MZX 



20ns 

MT5C6408C-20 L 883C 

8969104ZX or 3829416MZX 


25ns 

MT5C6408C-25 L 883C 

8969102ZX or 3829414MZX 


30ns 

MT5C6408C-30 L 883C 

No Drawing 



35ns 

MT5C6408C-35 L 883C 

382941 2MZX 


8K x 8 CDIP 

20ns 

MT5C6408CW-20 L 883C 

89691 04XX 


600 MIL 

25ns 

MT 5C6408C W -25 L 883C 

8969102XX 



30ns 

MT5C6408CW-30 L 883C 

No Drawing 



35ns 

MT5C6408CW-35 L 883C 

No Drawing 


8K x 8 CLCC 

15ns 

MT5C6408EC-15 L 883C 

382941 8MUX 


28 PIN 

20ns 

MT5C6408EC-20 L 883C 

8969104NX or 3829416MUX 


25ns 

MT5C6408EC-25 L 883C 

8969102NX or 3829414MUX 


30ns 

MT5C6408EC-30 L 883C 

No Drawing 



35ns 

MT 5C6408EC-35 L 883C 

3829412MUX 



Note: 1 . The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 

for faster devices. 

L: Optional 2V data retention is available on all parts indicated by "L" after speed. 

Optional low-voltage data retention available on all SRAMs. 
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MILITARY SRAM 


SRAM 


Description 

Speed 

Micron Part Number 

SMD Part Number JAN Part Number 

8K x 8 Flat Pack 

25ns 

MT5C6408F-25 L 883C 

89691 02 YX 

32 PIN 

35ns 

MT5C6408F-35 L 883C 

No Drawing 

2K x 8 CDIP 

20ns 

MT5C1608C-20 L 883C 

8969002LX 


25ns 

MT5C1608C-25 L 883C 

8969001 LX 


30ns 

MT5C1608C-30 L 883C 

No Drawing 


35ns 

MT5C1608C-35 L 883C 

No Drawing 

2K x 8 CLCC 

20ns 

MT5C1 608EC-20 L 883C 

8969002ZX 


25ns 

MT5C1 608EC-25 L 883C 

8969001ZX 


30ns 

MT5C1 608EC-30 L 883C 

No Drawing 


35ns 

MT5C1 608EC-35 L 883C 

No Drawing 


SRAM MODULE 

Description 

Speed 

Micron Part Number 

SMD Part Number 

JAN Part Number 

128K x 8 CDIP 

35ns 

MT4S1288CW-35 

No Drawing 


512K x 8 CDIP 

35ns 

MT4S5128CW-35 

No Drawing 


64K x 16 CDIP 

35ns 

MT4S641 6C W-35 

No Drawing 


64K x 32 CDIP 

35ns 

MT4S6432CW-35 

No Drawing 



CACHE DATA SRAM* 

Description 

Speed Micron Part Number 

SMD Part Number 

JAN Part Number 

8K x 16 CLCC 

20ns MT56C0816C-20 L 883C 

25ns MT56C0816C-25 L 883C 

35ns MT56C0816C-35 L 883C 

No Drawing 

No Drawing 

No Drawing 



’‘'Preliminary 

Note: 1. The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 

for faster devices. 

L: Optional 2V data retention is available on all parts indicated by "L" after speed. 

Optional low-voltage data retention available on all SRAMs. 
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MILITARY FIFO 


FIFO* 


Description Speed Micron Part Number SMD Part Number JAN Part Number 


512 x 9 CLCC 

15ns 

MT52C9005EC-15 883C 

No Drawing 


20ns 

MT52C9005EC-20 883C 

No Drawing 


25ns 

MT52C9005EC-25 883C 

No Drawing 


35ns 

MT52C9005EC-35 883C 

No Drawing 

IK x 9 CLCC 

15ns 

MT52C9010EC-15 883C 

No Drawing 


20ns 

MT52C9010EC-20 883C 

No Drawing 


25ns 

MT52C9010EC-25 883C 

No Drawing 


35ns 

MT52C9010EC-35 883C 

No Drawing 

2K x 9 CLCC 

15ns 

MT52C9020EC-15 883C 

No Drawing 


20ns 

MT52C9020EC-20 883C 

No Drawing 


25ns 

MT52C9020EC-25 883C 

No Drawing 


35ns 

MT52C9020EC-35 883C 

No Drawing 


^Preliminary 
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DRAM MODULES 


MULTIPORT DRAMS.. 
STATIC RAMS.... 


SYNCHRONOUS SRAMS 
SRAM MODULES 


CACHE DATA SRAMS 
FIFO MEMORIES 
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INDEX 


PACKAGE TYPE 

PIN COUNT 

PAGE 

PACKAGE TYPE 

PIN COUNT 

PAGE 

PLASTIC DIP 

16 

.... 11-2 

PLASTIC SOJ 

20/26 

.... 11-24 


18 

.... 11-3 


22/26 

.... 11-25 


20 

.... 11-4 


24 

.... 11-25 


22 

.... 11-5 


24/26 

.... 11-26 


24 

.... 11-6 


24/28 

.... 11-27 


28 

.... 11-7 


28 

.... 11-27 


32 

.... 11-9 


32 

.... 11-28 

CERAMIC DIP .... 

16 

.... 11-10 


40 

.... 11-29 


18 

.... 11-11 

CERAMIC LCC .... 

18 

.... 11-30 


20 

.... 11-12 


20 

.... 11-31 


22 

.... 11-13 


28 

.... 11-32 


24 

.... 11-14 


32 

.... 11-33 


28 

32 

.... 11-15 
.... 11-17 

FLAT PACK 

16 

.... 11-35 



20 

.... 11-35 

PLASTIC ZIP 

16 

.... 11-18 


28 

.... 11-36 


20 

.... 11-18 


32 

11-36 


24 

28 

.... 11-19 
.... 11-20 

MODULE SIP 

30 

.... 11-37 


40 

.... 11-20 

MODULE SIMM.. 

30 

.... 11-39 

PLCC 

18 

.... 11-21 


72 

11-41 


32 

.... 11-21 

MODULE ZIP 

64 

.... 11-44 


52 

.... 11-22 


72 

11-46 

LPQFP 

52 

.... 11-23 

MODULE DIP 

32 

.... 11-49 





40 

11-50 
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PLASTIC DIP 



All dimensions in inches (millimeters) or typical where noted. 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PLASTIC DIP 


18-PIN PLASTIC DIP 


A-2 





.325(8.26) 

.310(7.87) 



.380 (9.65) I 

.330 (8.38) 



U- 


. 014 ( 0 . 36 ) 
.008 ( 0 . 20 ) 
.380 ( 9 . 65 ) 


.330 ( 8 . 38 ) 



NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PLASTIC DIP 







PLASTIC DIP 
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PLASTIC DIP 




16-PIN CERAMIC DIP 

B-1 



INDEX MARKER 


. 110 ( 2 . 79 ) 



All dimensions in inches (millimeters) 


Max 

a 


or typical where noted. 
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CERAMIC DIP 



.305 (7.75) 
.285 (7.24) 
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CERAMIC DIP 




CERAMIC DIP 




CERAMIC DIP 







CERAMIC DIP 
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PLASTIC ZIP 





All dimensions in inches (millimeters) or typical where noted. 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PLASTIC ZIP 




MICRON 

■ TECHNOLOGY, INC 


PLCC 


18-PIN PLCC 

D-1 






All dimensions in inches (millimeters) or typical where noted. 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01 ’’ per side. 
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trusion is .01” per side. 
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PLASTIC SOJ 




20/26-PIN PLASTIC SOJ 




NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PLASTIC SOJ 




24-PIN PLASTIC SOJ 

E-4 





NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PLASTIC SOJ 




24/26-PIN PLASTIC SOJ 

E-6 




NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01 ” per side. 
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PLASTIC SOJ 




CERAMIC LCC 
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CERAMIC LCC 


.OtJJ ^ I / .JOJ 

.667 (16.94) 



.355 (9.02) 
.345 (8.76) 


.055 (1.40) 
.045 (1.14) 


I 


.610 (15.49) 
.590 (14.99) 


.205 (5.21) 
.195 (4.95) 


.095 (2.41) 
.075 (1.91) 


.055 (1 .40) 
.045(1.14) 


'jjimi 

i 

rrra 

5 

mXI! 

6 

nTm 

10 

20 

tn □ i: 

16 

] □ n 

15 

□ □ l 

im 


.004 (0.1 0)R 


.028 (0.71) 
.022 (0.56) 


SEATING PLANE -076 (1 .93) 

\ _T .066 (1.68) 
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CERAMIC LCC 




CERAMIC LCC 



PACKAGE INFORMATION 
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CERAMIC LCC 


.835 (21.21) 
.815(20.70) 



.408 (10.36) 
.392 (9.96) 


.110(2.79) 
.090 (2.29) 


.080 (2.03) 
.070(1.78) 


.760(19.30) 

.740(18.80) 


.055(1.40) 

.045(1.14) 


kU Ini U Ui 


.028 (0.71) 
.022 (0.56) 


.014(0.36 
.004 (0.10 


.100 (2.54) 
.080 (2.03) 


,066(1.68) 
,054 (1 .37) 



PACK 
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PACKAGE INF 
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FLAT PACK 



.019 (0.48) 
.015 (0.38) 


.006 (0.15) | | 

■004(0.10) _J -286 (7.26) I 

.274 (6.96) 


.033 (0.84) 
.027 (0.69) 


.117(2.97) 
.097 (2.46) 


.415(10.54) 

.405(10.29) 


32-PIN FLAT PACK 

G-4 




.828 (21 .03) 
.812(20.62) 
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MODULE SIP 
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MODULE SIMM 



















MODULE ZIP 
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MODULE ZIP 









MODULE ZIP 







MODULE ZIP 
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MODULE DIP 




DYNAMIC RAMS 

DRAM MODULES 

MULTIPORT DRAMS 

STATIC RAMS. 

SYNCHRONOUS SRAMS 

SRAM MODULES 

CACHE DATA SRAMS 

FIFO MEMORIES 

APPLICATION/TECHNICAL INFORMATION 

MILITARY INFORMATION 

PACKAGE INFORMATION 

SALES INFORMATION 






ORDER INFORMATION 

Each Micron component family is manufactured and 
quality-controlled in the USA at our modern Boise, Idaho, 
facility employing Micron's low power, high performance 
CMOS silicon gate process. Micron products are function- 
ally equivalent to other manufacturers' products meeting 
JEDEC standards. Device functionality is consistently as- 
sured over a wider power supply, temperature range and 
refresh range than specified. Each unit receives continuous 

ORDER EXAMPLES: 


AMBYX™ system-level testing during many hours of ac- 
celerated burn-in prior to final test and shipment. 

Please contact the factory for technical, test and applica- 
tion assistance. Micron can also furnish the sales represen- 
tative and distributors nearest you. Micron's quality as- 
sured policy is to offer prompt, accurate and courteous 
service while assuring reliability and quality. 


1 Meg x 1 , 1 00ns in Plastic SOJ 



MT4C1024DJ -10 


DRAM MODULE 

1 Meg x 8, 120ns Fast Page Mode Access, Leaded SIP 


PRODUCT # PACKAGE SPEED 



MT8D18M -8 


MULTIPORT DRAM (VRAM) 

256K x 4, 100ns in ZIP 




PRODUCT # PACKAGE SPEED 




MT42C4256Z -10 


CACHE DATA SRAM 

Dual 4K x 1 6, Single 8K x 1 6, 25ns in Plastic LCC 


PRODUCT # 1 1 PACKAGE | [ SPEED 


MT56C0816EJ -25 


SRAM 

32K x 8, 45ns in Plastic SOJ 




MT5C2568DJ-45 

Synchronous SRAM 

16K x 16, Clocked, Register Inputs, 17ns in Plastic LCC 


PRODUCT # PACKAGE SPEED 



SRAM MODULE 

64K x 16, 25ns in DIP Module with 2V Data Retention 


PRODUCT # PACKAGE SPEED RETENTION 


i — i 1 r 

MT4S641 6D-25L 


FIFO 

512 x 9, 15ns in 300mil DIP 



MT58C1616 EJ -17 


MT52C9005 -15 
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Component Product Numbering System 

Format = AA BB CC DDDD EEE-FF GG GG* 


ACCESS TIME 


PRODUCT FAMILY 


DRAM (< 1 MEG) 

= BLANK 

DRAM (>1 MEG) 

= 4 

DPDRAM 

= 42 

TPDRAM 

= 43 

SRAM 

= 5 

FIFO 

= 52 

CACHE SRAM 

= 56 

SYNCHRONOUS SRAM 

= 58 


DEVICE NUMBER 

(NUMBER CAN BE MODIFIED 
TO INDICATE VARIATIONS) 
DRAM = BITS, WORDS 

DPDRAM = BITS, WORDS 

TPDRAM = BITS, WORDS 

CACHE SRAM = WORDS, BITS 
SRAM = DENSITY, BITS 

FIFO = BITS, WORDS 

SYNCHRONOUS 

SRAM = WORDS, BITS 


-10 = 

= 10ns 

or 

100ns 

-12 = 

= 12ns 

or 

120ns 

-15 = 

= 15ns 

or 

150ns 

-20 = 

= 20ns 

or 

200ns 

-25 = 

= 25ns 

or 

250ns 

-35 = 

= 35ns 

or 

350ns 

-45 = 

= 45ns 



-55 = 

= 55ns 



-60 = 

= 60ns 



-70 = 

= 70ns 



-80 = 

= 80ns 



-85 = 

= 85ns 




i 


aa 

BB 

cc 

DDDD 

EEE 

FF 

GG GG* 




PRODUCT LINE 
IDENTIFIER 

MT = Micron Technology 
Component Product 


PROCESS 

PACKAGE CODE 

PROCESSING* 

TECHNOLOGY 

PLASTIC 


LEVEL/TEMP/SPECIAL 

NMOS = BLANK 

DIP 

= BLANK 

Commercial Process 


CMOS = C 

DIP (Wide Body) 

= W 

0°C to +70°C 

= BLANK 


ZIP 

= Z 

-55°C to +125°C 

= XT 


LCC 

= EJ 

-40°C to +125°C 

= AT 


SOJ 

= DJ 

-40°C to +85°C 

= IT 


SOIC 

= G 




QFP 

= LG 

MIL STD 883C 



TS0PI 

= VG 

-55°C to +125°C 

= 883C 


TS0PII 

= TG 

or +110°C (DRAMs) 



CERAMIC 

DIP 

DIP (Wide Body) 
LCC (Narrow Body) 

ii ii ii 

moo 

0°C to +70°C 

2 V Data Retention 

Tape and Reel 

Bar Code 

= M070 
= L 
= TR 
= BC 


LCC 

= EC 




LCC (Wide Body) 

= ECW 




SOIC 

= CG 




PGA 

= CA 

Multiple processing codes 


FLAT PACK 

= F 

are separated by a space. 


Module Product Numbering System 


Format = AA BB C DDD EE-FF GG* 


NUMBER OF 

PARTS DENSITY 


PACKAGE CODE 

DIP = D 

GOLD PLATE = G 
ZIP =Z 

SIP = N 

SIMM = M 


z 


AA 

BB 

c 

DDD 

EE 

F 

GG* 


SZZ 1 


PRODUCT LINE RAM FAMILY 

IDENTIFIER SRAM =S 

MT = Micron Technology DRAM = D 

Component Product 


ORGANIZATION 

WORDS x BITS 


SPECIAL 

DESIGNATOR* 

PARTIAL = P 


* Multiple processing codes 
are separated by a space. 
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PRODUCT RELIABILITY 


Overview 

Product reliability pertains to product performance over time, i.e., a product's ability to perform its intended functions within 
specified performance limit, while operating under specified environmental conditions, for a specified length of time. This 
section contains a brief overview of some of the issues that affect the reliability of IC devices, and briefly describes Micron’s 
reliability program. For a more in-depth discussion of reliability, the reader may refer to Micron's Quality /Reliability 
Literature. 

Reliability Goals 

Reliability goals of semiconductor ICs are typically discussed with reference to the traditional reliability curve of component 
life. The reliability curve, commonly known as the "bathtub curve," is shown in the bottom half of Figure 1, where h(t) is the 
hazard rate or the probability of a component failing at t 0 +l in time, given that it has survived at time t 0 . 


Cumulative 
Failure Rate 
F(t) 



Hazard Rate 
h(t) 



Figure 1 


RELIABILITY CURVE 
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PRODUCT RELIABILITY 


Figure 1 shows that the significant portion of this curve is the random failure segment. The first exponential segment (infant 
mortality) is attributed to gross manufacturing defects. Failures that occur in this region are screened out by Micron's in-house 
burn-in of all production material using the AMBYX™ intelligent burn-in/ test system, which is described in the following 
section. 

Micron’s AMBYX™ Burn-in/Test System 

To effectively screen out infant mortalities Micron believes it is critical to have the ability to functionally test devices without 
removing them from the burn-in oven, and to do so several times during the duration of the burn-in cycle. This enables the 
manufacturer to determine if the failure rate curves of individual production lots have reached the random failure region of 
the bathtub curve by the end of the burn-in cycle. Production lots that do not exhibit a stable failure rate towards the end of 
the burn-in cycle are subjected to additional burn-in. This burn-in flow also alerts the manufacturer to the slightest variation 
in a product's failure rate, so that any needed corrective action can be taken. 

To meet this need for an intelligent burn-in system, Micron developed the AMBYX™ burn-in/test system. By "burn-in /test" 
we mean that devices are tested for functionality without removing the DUT (device-under-test) boards from the burn-in oven. 
This effectively eliminates failures resulting from handling, thereby minimizing "noise" from the test results. During the test 
phase, the output produced by the devices under test is compared to the pattern expected. If a discrepancy occurs, the 
AMBYX™ system hardware records the failure and provides the following information: bit address, device address, board 
address, temperature, Vcc voltage, test pattern, time set. 

A functional test of the devices is conducted at burn-in conditions (125°C, 7.5V Vcc) at the beginning of the burn-in cycle, to 
verify that the devices under test are being properly exercised. All units that fail this test are screened from the production 
material. The burn-in cycle then proceeds. For our DRAM family, for example. Micron specifies that all production material 
is subjected to burn-in in four intervals at the following conditions: 125°C at 7.5V Vcc for the first two intervals and 6.0V Vcc 
for the last two intervals, with functional testing of the devices performed at 125°C between each interval. During temperature 
ramping to 125°C and back to 25°C, the AMBYX™ system tests for thermal intermittent opens. This flow is illustrated 
Figure 2. 

It is also noteworthy that the stress conditions during the last two intervals of production burn-in (i.e., 125°C and 6.0V Vcc) 
are identical to the stress conditions for the extended high-temperature-operating-life (HTOL) test, with which we calculate 
the random failure rate (described on pages 5-6) of the device during its useful life. The usefulness of this scheme is that it 
allows for a comparison of the failure rate during the latter part of production burn-in and the HTOL test and, thus, enables 
Micron to determine whether production material has been effectively screened for infant mortalities. 
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Intelligent 

Burn-in/Test 


125 

100 

Flow 

o 


o 

<D 

75 


3 

03 

i— 

<b 

Q. 

50 


E 

<d 

l- 

25 


0 

Bathtub Curve of 
Component Life 

(Individual Production Lots) 


(0 
LL 
*— * 
c 
o 
o 

k- 

<D 

Q. 


INFANT MORTALITIES 


<■ 


RANDOM FAILURES 




Time 


Time 


Figure 2 

AMBYX™ BURN-IN/TEST FLOW AND TEST RESULTS 


Environmental Process Monitor Program 

Micron's environmental process monitor (EPM) program is designed to ensure the reliability of our standard 
products. Under this program, weekly samples of our various product and package types are subjected to a 
battery of environmental stress tests. During these tests, the devices are stressed for many hours under 
conditions designed to simulate years of normal field use. Equations, derived from intricate engineering models 
are applied to the data collected from these accelerated tests. From these calculations, we are able to predict 
failure rates under normal use conditions. The conditions for these tests, known as "accelerated environmental 
stress" tests are described in Figure 3. The EPM program described in this particular figure is for our 1 Meg 
DRAM. 
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Electrical Test 



Finishec 

1 

Goods 

1 


Test Name and Description 

Test Duration 

Sample Size 

Per Week 

HIGH TEMPERATURE OPERATING LIFE 

(125°C, 6.0V, ckbd / ckbd Complement Pattern) 

1 008 Hours 

3024 Hours 

1 00 Parts 

1 00 Parts 

TEMPERATURE AND HUMIDITY 

(85°C, 85% R.H., 5.5V, Alternating Bias) 

1008 Hours 

3024 Hours 

1 00 Parts 

1 00 Parts 

AUTOCLAVE (121°C, 100% R.H., 15 PSI, No Bias) 

288 Hours 

50 Parts 

LOW TEMPERATURE LIFE (-25°C, 7.0V, Dynamic Bias) 

1008 Hours 

1 0 Parts 

TEMPERATURE CYCLE (-65°C TO +1 50°C, Air to Air) 

1 000 Cycles 

1 00 Parts 

THERMAL SHOCK (-55°C TO +1 25°C, Liquid to Liquid) 

700 Cycles 

25 Parts 

HIGH TEMPERATURE STORAGE (1 50°C, No Bias) 

1 008 Hours 

25 Parts 

ELECTROSTATIC DISCHARGE (+ and -) 

MIL STD 3015.7 

24 Parts 

NOTE: Samples Pulled from Five Different Lots at Finished Goods. 


Figure 3 

ENVIRONMENTAL PROCESS MONITOR - 1 MEG DRAM 









PRODUCT RELIABILITY 


Failure Rate Calculation 


The failure rate during the useful life of the device is expressed as percent failures per thousand device hours or as FITs (failures 
in time, per billion device hours), and is calculated as follows: 


Failure Rate = Pn 


Device hours at X A.F. relative to maximum 
accelerated environment operating environment 


where: Pn = Poisson Statistic (at a given confidence level). For the data above, Pn at 60% confidence level equals .916. 

Device hours = sample size multiplied by test time (in hours). In our example, to follow, device hours equal 1.929 X 
10 6 . 

A.F. = acceleration factor between the stress environment and maximum use conditions. For the 1 Meg DRAM, the 
acceleration factor between 125°C, 6.0V (HTOL stress conditions) and 70°C, 5.5V (maximum operating 
conditions) equals 16.5. (Calculation of this acceleration factor is described in the following section). 


Thus, the failure rate of the Micron 1 Meg DRAM family is computed as follows: 

Failure Rate = .916 + (1.929 X 10 6 ) (16.5) = 2.878 X 10 8 

where: Total device hours at test conditions = 1.929 X 10 6 . 

Equivalent device hours at maximum use conditions (70°C, 5.5V Vcc) using an acceleration factor of 16.5 = 32 X 10 6 . 


To translate the above failure rate into percent failures per thousand device hours, we multiply the failure rate obtained from 
the equation above by 10 5 : 

Failure Rate = (2.878 X 10' 8 ) X 10 5 = 0.0029% per IK device hours 
To state the failure rate in FITs, we multiply the failure rate obtained from the equation above by 10 9 : 

Failure Rate = (2.878 X 10 8 ) X 10 9 = 29 FITs 


NOTE: Typical use conditions for the 1 Meg DRAM are 50°C and 5.0V Vcc. When we calculate the acceleration factor between 
the stress environment (70°C, 5.5V Vcc) and these typical conditions, we find that A.F. equals 125.4. Using the 
acceleration factor 125.4, the FIT rate for the 1 Meg DRAM is calculated as follows: 

Failure Rate = 916 - (1.929 X 10 6 ) (125.4) = 3.787 X 10 9 
= (3.787 X 10- 9 ) X 10 9 = 3.787 
= 4 FITs (rounded) 
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Acceleration Factor Calculation: 

Again, using the 1 Meg DRAM for our example, the acceleration factor between high temperature operating life stress 
conditions (125°C, 6.0V) and maximum operating conditions (70°C, 5.5V) is computed using the following models: 

1. Acceleration factor due to temperature stress: 

The acceleration factor due to temperature stress is computed using the Arrhenius equation, which is stated as follows: 

A.F. tl / t2 = ex P [~E a _ E a ~ 
kT 1 ~kf 2 

where: k = Boltzmann's constant , which is equal to 8.617 x 10' 5 

T 1 and T 2 = operating and stress temperatures, respectively, in kelvins 
E = activation energy in eV (For oxide defects, which is the most common failure 
mechanism for the 1 Meg DRAM, used in our example, the activation energy is 
determined to be 0.3eV). 

Using these values, the temperature acceleration factor between 125°C and 70°C is computed to be 4.07. 

2. Acceleration factor due to voltage stress: 

The acceleration factor due to voltage stress is computed using the following model: 

A - F M/v2 = eX P [ P (V, -V 2 ) 1 

where: v 1 and v 2 = stress voltage and operating voltage, respectively, in volts 

(3 = constant, the value of which was derived experimentally by running several sessions of Micron' s intelligent burn- 
in test sequence at different voltages on large numbers of the device. (For the 1 Meg DRAM, used in our example, 
6 equals 2.8). 

Thus, the voltage acceleration factor for the 1 Meg DRAM between 6.0V (stress condition) and 5.5V (maximum operating 
condition) is computed to be 4.06. 

Finally, the overall acceleration factor due to temperature and voltage stress is calculated as the product of the 
two respective acceleration factors or: 

A.F. „ = A.F. X A.F. u 

overall temperature voltage 
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Outgoing Product Quality 

Before being sent to our finished goods area, where products are prepared for shipping, a special unit within the quality 
assurance department takes a 1 % sample from each production lot. These samples are subjected to visual and electrical testing 
in order to measure the AQL (acceptable quality level) of all outgoing product. A flowchart illustrating Micron's AQL test 
procedure is provided in Figure 4. 

Visual or mechanical testing consists of an unaided visual inspection of the sample devices for any physical irregularities 
which could negatively affect their performance . If a sample device is found to have, for example, a bent lead, a package 
irregularity or excess solder, the entire lot is returned to our test area for a 100% visual inspection. 

Electrical testing of the sample devices is performed using ATE (automatic test equipment) systems. Testing is conducted at 
room temperature (~25°C) and at 70°C. Should an electrical failure occur, the failing device is turned over to a quality 
assurance engineer for further testing and analysis. If after completing this analysis the electrical failure is confirmed, the QA 
engineer determines which production monitor /test should have caught the failure and the entire lot is retested at that point 
in the test flow. Correlating the failure to the test where it should originally have been detected, and discerning why it was 
not tested, are important steps in preserving the integrity of our test process. 

The percent devices found to be defective in the total number of devices sampled weekly is recorded using a control chart. This 
control chart, containing AQL data for the previous 52 weeks, is presented in weekly management meetings, where plans for 
corrective action are made, as needed. 
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Example of Special Processing: 
Lot Mounted on Tape & Reel 



Figure 4 

AQL TEST FLOW FOR ALL OUTGOING PRODUCT 
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Automated Data Capture & Analysis 

Micron has developed a sophisticated data capture and analysis system with a computer network tailored to the needs of 
quality IC manufacturing. Figure 5 shows the various functional areas that provide the input to our VAX data bases. 



Figure 5 

STATISTICAL CORRELATION 


Data Capture 

Automated, real-time data capture makes real-time charting (X and R charts, etc.) of all critical operations and processes 
possible, and ensures that appropriate manufacturing personnel are alerted on a timely basis, should unexpected variation 
occur. As production lots move through each manufacturing step, detailed information (including step number, lot number, 
machine number, date/ time, and operator number) are entered into the production data base. In addition; automated, highly- 
programmable measurement systems are utilized to capture a host of parameters associated with equipment, on-line process 
material, and environmental variables. 

Analytical Tools 

By using highly flexible, on-line data extraction programs, system users have the ability to tap this vast data base and to design 
their own correlation and trend analyses. The ability to correlate process variables to product performance allows us to make 
on-line projections of the quality of our finished product for a given lot or process run. In addition, we can estimate the impact 
of process improvements on quality well in advance and can make the impact of process deviations more visible to our 
engineers. This approach allows us to model yield and quality parameters based on on-line parameters. We then use this 
model to predict the final product results. Following is a description of the various means by which we analyze data: 

• GROUP SUMMARIES: Summaries, which provide the means and standard deviations of user-defined parametrics, 
enable system users to compare the parametric values of production lots as well as special engineering lots. 
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• TREND ANALYSIS: Trend charts are routinely generated for critical parameters. System users can trend the means and 
ranges of any probe or parametric data captured throughout the manufacturing process. 

• CORRELATION ANALYSIS: Correlation analysis can be performed on any combination of factors; such as equipment, 
masks, or electrical parameters. One report, regularly produced and disseminated to key personnel, takes two groups 
of lots (one with a high failure rate, the other with a low failure rate) and identifies all the pieces of equipment that are 
common to one or the other group. The report, thus, quickly alerts us should there be a correlation between a lot with a 
high failure rate and a particular piece(s) of equipment in the wafer fabrication or assembly areas. 

Another regularly produced report analyzes a user-selected set of database parametrics against an index, such as 
manufacturing yield. Lots are divided into three sub-groups(upper yielding, middle yielding and lower yielding). The 
report then correlates the yields with all electrical parametric values taken on individual lots at wafer sort. Thus, the report 
helps us determine which processing step may have caused the yields to vary among the three subgroups. 

• STATISTICAL PROCESS CONTROL CHARTS: SPC control charts are used throughout the company to monitor and 
evaluate critical process parameters, such as, critical dimensions (CDs), oxide thickness, chemical vapor depositions 
(CVDs), particle counts, temperature and humidity, and many other critical process and product quality parameters. 

• OVERLAYS or WAFER MAPS: Maps, which are produced for all wafers during probe, show various parameters as a 
function of position on the wafer and are very useful for problem isolation. Maps may be analyzed individually or in 
groups. For example, wafers from an entire lot may be analyzed in relation to one particular parameter. 

• RS/1 DISCOVER/EXPLORE: This analysis software is used for experimental design, and evaluation of results. The 
statistical approach supported by this software (i.e., the use of t tests, ANOVA tables, multiregression analysis, etc.) has 
proven invaluable in reducing time expended for product development and for trouble shooting. It is also used to de- 
termine the relationships between process output and probe and parametric data. Using multiregression analysis, for 
example, we are able to determine the relationship between L effective and CD dimensions to the speed of a device. 

The use of automation in data capture, analysis, and feedback greatly enhances the flexibility and speed with which we are 
able to view all aspects of the manufacturing process. This effective data analysis and feedback system helps to reduce 
parametric deviations, improve margin to specifications, increase manufacturing yields, and provide for more accurate 
fabrication output planning. 


12-13 



MICRON 

■ TECHNOLOGY, INC. 


NORTH AMERICA 


ALABAMA 

Representative 

Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone -205-534-23 76 
Fax -205-534-2384 

Distributors 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35805 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technology 
4835 University Square, #5 
Huntsville, AL 35816 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

ARIZONA 

Representative 

Quatra Associates 

4645 South Lakeshore Dr., Ste #1 

Tempe, AZ 85282 

Phone -602-820-7050 

FAX -602-820-7054 

Distributors 

Anthem Electronics Incorporated 
1555 West 10th PL, #101 
Tempe, AZ 85281 
Phone -602-966-6600 
FAX -602-966-4826 

Hall-Mark Electronics Corporation 
4637 S. 36th Place 
Phoenix, AZ 85040 
Phone -602-437-1200 
FAX -602-437-2348 

Wyle Laboratories 
4141 E. Raymond St., Ste #1 
Phoenix, AZ 85040 
Phone -602-437-2088 
FAX -602-437-2124 


Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Ste E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

ARKANSAS 

Representative 

Nova Marketing Incorporated 
4924 S. Memorial, Suite 1339 
Tulsa, OK 74145 
Phone -918-660-5105 
FAX -918-665-3815 

Distributors 

Anthem Electronics, Inc. 

651 N. Plano Rd., Suite 429 
Richardson, TX 75081 
Phone -214-238-7100 
FAX -214-238-0237 

Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone -214-553-4300 
FAX -214-343-5988 

Pioneer Electronics 
13765 Beta 
Dallas, TX 75244 
Phone -214-386-7300 
FAX -214-490-6419 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone -214- 235-9953 
FAX -214-644-5064 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Ste 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

CALIFORNIA 

Representatives (Northern California) 

Bay Area Electronics Sales, Inc 
2001 Gateway Place, Ste 315 
San Jose, CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 


Representatives (Southern California) 

Jones & McGeoy Sales Incorporated 
801 Parkcenter Drive, Ste 250 
Santa Ana, CA 92705 
Phone -714-547-6466 
FAX -714-547-7670 

9868 Scranton Road, Suite 414 
San Diego, CA 92121 
Phone -619-453-7948 
FAX -619-453-0034 

Distributors 

Anthem Electronics Incorporated 
1040 E. Brokaw Road 
San Jose, CA 95131 
Phone -408-453-1200 
FAX -408-452-2281 

Anthem Electronics Incorporated 
9131 Oakdale Avenue 
Chatsworth, CA 91 31 1 
Phone -818-775-1333 
FAX -818-775-1302 

Anthem Electronics Incorporated 
1 Old Field Drive 
East Irvine, CA 92718-2809 
Phone -714-768-4444 
FAX -714-380-4747 

Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone -916-624-9744 
Fax -916-624-9750 

Anthem Electronics Incorporated 
9369 Carroll Park Drive 
San Diego, CA 92121 
Phone -619-453-9005 
FAX -619-546-7893 

Hall-Mark Electronics Corporation 
9420 Topanga Canyon Blvd. 

Chatsworth, CA 91311 
Phone -818-773-4500 
FAX -818-773-4555 

Hall-Mark Electronics Corporation 
580 Menlo Drive, Suite 2 
Rocklin, CA 95677 
Phone -916-624-9781 
Fax -916-961-0922 

Hall-Mark Electronics Corporation 
3878 Ruffin Road, Ste. B 
San Diego, CA 92123 
Phone -619-268-1201 
FAX -619-268-0209 
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Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95131 
Phone -408-432-4000 
FAX -408-432-4044 

Hall-Mark Electronics Corporation 
#1 Mauchly 
Irvine, CA 92718 
Phone -714-727-6000 
FAX -714-727-6066 

Pioneer Technologies 
134 Rio Robles 
San Jose, CA 95134 
Phone -408-954-9100 
FAX -408-954-9113 

Wyle Laboratories 
(Accounting Office Only) 

128 Maryland Ave. 

El Segundo,CA 90245 
Phone -213-322-1763 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone -408-727-2500 
FAX -408-727-5896 

Wyle Laboratories 
17872 Cowan Avenue 
Irvine, CA 92714 
Phone -714-863-9953 
FAX -714-863-0473 

Wyle Laboratories 
2951 Sunrise Blvd, Suite #175 
Rancho Cordova, CA 95742 
Phone -916-638-5282 
FAX -916-638-1491 

Wyle Laboratories 
9525 Chesapeake Drive 
San Diego, CA 92123 
Phone -619-565-9171 
FAX -619-565-0512 

Wyle Laboratories 
26677 W. Agoura Road 
Calabasas, CA 91302 
Phone -818-880-9000 
FAX -818-880-5510 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 


Zeus Components, Inc. 

22700 Savi Ranch Parkway 
Yorba Linda, CA 92686 
Phone -714-921-9000 
FAX -714-921-2715 

Zeus Components, Inc. 

5236 Colodny Drive, Suite 102 
Agoura Hills, CA 91301 
Phone -818-889-3838 
FAX -818-889-2464 

Zeus Components, Inc. 

5625 Ruffin Road, Ste 200 
San Diego, CA 92123 
Phone -619-277-9681 
FAX -619-277-7105 

Zeus Components, Inc. 

6276 San Ignacio Ave., Ste E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

CANADA 

Representatives 

Clark-Hurman Associates 
20 Regan Road, Unit #14 
Brampton, Ontario L7A 1C3 
Canada 

Phone -416-840-6066 
FAX -416-840-6091 

Clark-Hurman Associates 
66 Colonnade Road, Ste 205 
Nepean, Ontario K2E 7K7 
Canada 

Phone -613-727-5626 
FAX -613-727-1707 

Clark-Hurman Associates 
19 Donegani, Suite 5 
Pointe Claire, Quebec H9R 2V6 
Canada 

Phone -514-426-0453 
FAX -514-426-0455 

Davetek Marketing 
#37 4429 Kingsway 
Burnaby, B.C.V5H2A1 
Canada 

Phone -604-430-3680 
FAX -604-435-5490 

Davetek Marketing 
#206 2723 37th Avenue 
N.E. Calgary, ABT1Y5R8 
Canada 

Phone 403-291-4984 
FAX -403-250-3445 


Distributor 

Semad Electronic 
85 Spy Court 

Markham, Ontario L3R 4Z4 
Canada 

Phone -416-475-8500 
FAX -416-475-4158 

Semad Electronic 
1825 Woodward Dr. 

Ottawa, Ontario K2C OR2 
Canada 

Phone -613-727-8325 
FAX -613-727-9489 

Semad Electronic 
8563 Government Street 
Burnaby, BC V3N4S9 
Canada 

Phone -604-420-9889 
FAX -604-420-0124 

Semad Electronic 
243 Place Frontenac 
Pointe Claire, PQ H9R 4Z7 
Canada 

Phone -514-694-0860 
FAX -514-694-0965 

Semad Electronic 
6120 3rd St. S.E., Unit 9 
Calgary, Alberta T2H 1K4 
Canada 

Phone -403-252-5664 
FAX -403-255-0966 

COLORADO 

Representative 

Wescom Marketing 
4891 Independence St. 

Wheatridge, CO 80033 
Phone -303-422-8957 
FAX -303-422-9892 

Distributors 

Anthem Electronics Incorporated 
373 Inverness Drive South 
Englewood, CO 80112 
Phone -303-790-4500 
FAX -303-790-4532 

Hall-Mark Electronics Corporation 
12503 E. Euclid Dr., #20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 
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Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone -303-457-9953 
FAX -303-457-4831 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Ste E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

CONNECTICUT 

Representative 

Advanced Tech Sales Incorporated 
Westview Office Park 
Building 2 , Suite 1C 
850 N. Main St. Ext. 

Wallingford, CT 06492 
Phone -203-284-0838 
FAX -203-284-8232 

Distributors 

Anthem Electronics 
61 Mattatuck Heights 
Waterbury,CT 06705 
Phone -203-575-1575 
FAX -203-596-3232 

Hall-Mark Electronics Corporation 
615 W. Johnson Ave, Bldg. 3 
Cheshire, CT 06410 
Phone -203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
FAX -203-838-9901 

Military Distributor 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 


DELAWARE 

Representative 

Omega Electronic Sales Incorporated 
2655 Interplex Drive, Suite 104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 

Distributor 

Pioneer Technologies 
Keith Valley Business Center 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

DISTRICT OF COLUMBIA 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Distributor 

Pioneer Technologies 
15810 Gaither Drive 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

FLORIDA 

Representatives 

Photon Sales, Inc. 

1600 Samo Rd., Ste #21 
Melbourne, FL 32935 
Phone -407-259-8999 
FAX -407-259-1323 

Distributors 

Anthem Electronics Incorporated 
2555 Enterprise Rd, Ste #11-2 
Clearwater, FL 34623 
Phone -813-797-2900 
FAX -813-796-4880 

Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
Phone -407-298-7100 
FAX -407-290-0164 


Hall-Mark Electronics Corporation 
10491 72nd St. North 
Largo, FL 34647 
Phone -800-282-9350 
FAX -813-544-4394 

Hall-Mark Electronics Corporation 
3161 Southwest 15th Street 
Pompano Beach, FL 33069-4806 
Phone -305-971-9280 
FAX -305-971-9339 

Hall-Mark Electronics Corporation 
489 E Semoran Blvd, #145 
Casselserry, FL 32707 
Phone -407-830-5855 
FAX -407-767-5002 

Pioneer Technologies 
337 South-North Lake #1000 
Altamonte Springs, FL 32701 
Phone -407-834-9090 
FAX -407-834-0865 

Pioneer Technologies 
5500 Rio Vista Drive 
Clearwater, FL 34620 
Phone -813-531-5037 
FAX -918-492-0546 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Phone -305-428-8 877 
FAX -305-481-2950 

Military Distributor 

Zeus Components, Inc. 

1750 W. Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

GEORGIA 

Representative 

Southeast Technical Group 
2620 Deer Isle Cove 
Lawrenceville, GA 30244 
Phone -404-979-2055 
FAX - same 

Distributors 

Hall-Mark Electornics Corporation 
3425 Corporate Way, Suite A 
Ouluth,GA 30136 
Phone -404-623-4400 
FAX -404-476-8806 
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Pioneer Technologies 
31 OOF Northwoods Place 
Norcross, GA 30071 
Phone -404-448-1711 
FAX -404-446-8270 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Ste 114 
Oveido,FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

HAWAII 

Representative 

Bay Area Electronics 
2001 Gateway PI., Ste. 315 
San Jose,CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 

Distributors 

Anthem Electronics Incorporated 
1040 E. Brokaw Road 
San Jose,CA 95131 
Phone -408-453-1200 
FAX -408-452-2281 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95131 
Phone -408-432-4000 
FAX -408-432-4044 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone -408-727-2500 
FAX -408-727-5896 

IDAHO 

Representative 

Contact Micron Component Sales 
Phone -208-368-3900 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Ste E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 


ILLINOIS 

Representatives 

Oasis Sales Corporation 
1101 Tonne Road 
Elk Grove Village, IL 60007 
Phone -708-640-1850 
FAX -708-640-9432 

Advanced Technical Sales 
1810 Craig Road, Ste 213 
St. Louis, MO 63146 
Phone -314-878-2921 
FAX -314-878-1994 

Distributors 

Anthem Electronics Incorporated 
1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone -708-884-0200 
FAX -708-884-0480 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale,IL 60191 
Phone -708-860-3800 
FAX -708-860-0239 

Pioneer Standard 
2171 Executive Drive, Ste 200 
Addison, IL 60101 
Phone -708-495-9680 
FAX -708-495-9831 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

INDIANA 

Representatives 

Electro Reps, Inc. 

7240 Shadeland Station 
Suite 275 

Indianapolis, IN 46256 
Phone -317-842-7202 
FAX -317-841-0230 

Electro Reps, Inc. 

407 Airport North Office Park 
Fort Wayne, IN 46825 
Phone -219-489-8502 
FAX -219-489-8408 


Distributors 

Hall-Mark Electronics Corporation 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone -317-872-8875 
FAX -317-876-7165 

Pioneer Standard 
9350 N. Priority Wy, West Dr 
Indianapolis, IN 46240 
Phone -317-573-0880 
FAX -317-573-0979 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

IOWA 

Representative 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
Phone -319-393-8280 
FAX -319-393-7258 

Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr. 

Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale,IL 60191 
Phone -708-860-3800 
FAX -708-860-0239 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prarie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Ste 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 
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KANSAS 

Representative 

Advanced Technical Sales 
601 N. Mur-Len, Suite 8 
Olathe, KS 66062 
Phone -913-782-8702 
FAX -913-782-8641 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Drive 
Lenexa, KS 66215 
Phone -913-888-4747 
FAX -913-888-0523 

Pioneer Electronics 
2029 Woodland Pkwy., Ste #101 
St. Louis, MO 63146 
Phone -314-432-4350 
FAX -314-432-4854 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Ste 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

KENTUCKY 

Representatives 

Electro Reps., Inc. 

7240 Shadeland Station, Ste. 275 
Indianapolis, IN 46256 
317-842-7202 
FAX -317-489-8408 

Scott Electronics, Inc. 

10901 Reed-Hartman Hwy., Suite 301 
Cincinnati, OH 45242-2821 
Phone -513-791-2513 
FAX -513-791-8059 

Distributors 

Hall-Mark Electronics Corporation (E. Ky) 
400 E Wilson Bridge Rd, Ste S 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Hall-Mark Electronics Corporation (W. Ky) 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone -317-872-8875 
FAX -317-876-7165 

Pioneer Standard (W. Ky) 

9350 N. Priority Way, W. Dr. 

Indianapolis, IN 46240 
Phone -317-573-0880 
FAX -317-573-0979 


Pioneer Standard (E. Ky) 

4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone -513-236-9900 
FAX -513-236-8133 

LOUISIANA 

Representative 

Nova Marketing Incorporated 
8350 Meadow Road Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 

Distributors 

Hall-Mark Electronics Corporation 
11333 Pagemill Road 
Dallas, TX 75243 
Phone -214-343-5000 
FAX -214-343-5851 

Pioneer Electronics 
13765 Beta 
Dallas, TX 75244 
Phone -214-386-7300 
FAX -214-490-6419 

Wyle Laboratories 
1810 North Greenville Avenue 
Richardson, TX 75081 
Phone -214-235-9953 
FAX -214-644-5064 

Military Distributors 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MAINE 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Ste 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 


Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -617-935-9777 
FAX -617-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

MARYLAND 

Representative 

Electronic Engineering & Sales Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Distributors 

Anthem Electronics 
9020A Mendenhall Court 
Columbia, MD 21045 
Phone -301-995-6640 
FAX -301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
15810 Gaither Drive 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 
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MASSACHUSETTS 

Representative 

Advanced Tech Sales 
348 Park Street, Ste 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics, Inc. 

36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Gerber Electornics 
128 Carnegie Row 
Norwood, MA 02062 
Phone -617-769-6000 
FAX -617-762-8931 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -617-935-9777 
FAX -617-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone -617-272-7300 
FAX -617-272-6809 

Military Distributor 

JAN Devices, Inc. 

44 Cochrane St. 

Melrose, MA 02176 
Phone -617-662-3901 

Zeus Components, Inc. 

11 Lakeside Office Park 
Wakefield, MA 01880 
Phone 617-246-8200 
FAX -617-246-8293 

MICHIGAN 

Representatives 

Rathsburg Associates Incorporated 
34605 Twelve Mile Rd. 

Farmington Hills, MI 48331-3263 
Phone -313-489-1500 
FAX -313-489-1480 


Rathsburg Associates Incorporated 
2680 Horizon, S.E. 

Grand Rapids, MI 49506 
Phone -616-949-7400 
FAX -616-949-1909 

Distributors 

Hall-Mark Electronics Corporation 
38027 Schoolcraft Road 
Livonia, MI 48150 
Phone -313-462-1205 
FAX -313-462-1830 

Pioneer Standard 
4505 Broadmoor Avenue, S.E. 
Grand Rapids, MI 49512 
Phone -616-698-1800 
FAX -616-698-1831 

Pioneer Standard 
13485 Stamford 
Livonia, MI 48150 
Phone -313-525-1800 
FAX -313-427 3720 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

MINNESOTA 

Representative 

HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 

Anthem Electronics Inc. 

7646 Golden Triangle Dr. 

Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
10300 Valley View Rd, Ste 101 
Eden Prairie, MN 55344 
Phone -612-941-2600 
FAX -612-941-5778 


Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

MISSISSIPPI 

Representative 

Southeast Technical Group 
Route 10, Box 368 
Meridian, MS 39301 
Phone -601-485-7055 
FAX -601-485-7063 

Distributor 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35805 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technologies 
4835 University Square, Ste #5 
Huntsville, AL 35816 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MISSOURI 

Representatives 

Advanced Technical Sales 
1810 Craig Road, Suite #213 
St. Louis, MO 63146 
Phone -314-878-2921 
FAX -314-878-1994 
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Distributors 

Hall-Mark Electronics Corporation 
3783 Rider Trail So. 

Earth City, MO 63045 
Phone -314-291-5350 
FAX -314-291-0362 

Pioneer Standard 
2029 Woodland Pkwy #101 
St Louis, MO 63146 
Phone -314-432-4350 
FAX -314-432-4854 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MONTANA 

Distributor 

Almac Electronics 
E 10905 Montgomery 
Spokane, WA 99206 
Phone -509-924-9500 
1-800-325-6545 
FAX -509-928-6096 

Military Distributor 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose,CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

NEBRASKA 

Representative 

Advanced Technical Sales 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
Phone -913-782-8702 
FAX -913-782-8641 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Dr. 

Lenexa, KS 66215 
Phone -913-888-4747 
FAX -913-888-0523 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone -303-457-9953 
FAX -303-457-4831 


Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

NEVADA 

Representative 

Bay Area Electronics Sales, Inc 
2001 Gateway Place, Suite 315 
San Jose, CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 

Distributors 

Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone -916-624-9744 
FAX -916-624-9750 

Hall-Mark Electronics Corporation 
580 Menlo Dr., Suite 2 
Rocklin, CA 95677 
Phone -916-624-9781 
FAX -916-961-0922 

Wyle Laboratories 
2951 Sunrise Blvd., Suite 175 
Rancho Cordova, CA 95742 
Phone -916-638-5282 
FAX -916-638-1491 

Military Distributor 

JAN Devices, Inc. 

44 Cochrane St. 

Melrose, MA 02176 
Phone -617-662-3901 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

NEW HAMPSHIRE 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Ste 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 


Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -617-935-9777 
FAX -617-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

NEW JERSEY 

Representative 

Applied Technical Marketing 
234 Main St., Suite 2 
Huntington, NY 11743 
Phone -516-271-0200 
FAX -516-271-4450 

Representative (Southern) 

Omega Electronics 
2655 Interplex Dr., Suite 104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 

Distributors 

Anthem Electronics 
26 Chapin Road, Unit K 
Pine Brook, NJ 07058 
Phone -201-227-7960 
FAX -201-227-9246 

Hall-Mark Electronics Corporation 
107 Fairfield Road 
Fairfield, NJ 07006 
Phone -201-575-4415 
FAX -201-882-9389 

Hall-Mark Electronics Corporation 
11000 Midlantic Drive, Suite 5 
Mt. Laurel, NJ 08054 
Phone -609-235-1900 
FAX -609-235-3381 

Hall-Mark Electronics Corporation 
200 Lanidex Plaza, 2nd FI. 
Parsippany, NJ 07054 
Phone -201-515-3000 
FAX -201-515-4475 
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Military Distributor 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

NEW MEXICO 

Representative 

Quatra Associates Incorporated 
600 Autumnwood Place, S.E. 
Albuquerque, NM 87123 
Phone -505-296-6781 
FAX -602-820-7054 

Distributors 

Anthem Electronics Inc. 

1555 W. 10th PL, Suite #101 
Tempe, AZ 85281 
Phone -602-966-6600 
FAX -602-966-4826 

Hall-Mark Electronics Corporation 
4637 South 36th Place 
Phoenix, AZ 85040 
Phone -602-437-1200 
FAX -602-437-2348 

Wyle Laboratories 
4141 E. Raymond St., Ste #1 
Phoenix, AZ 85040 
Phone -602-437-2088 
FAX -602-437-2124 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

NEW YORK 

Representatives 

Applied Technical Marketing 
234 Main St., Suite 2 
Huntington Village, NY 11743 
Phone -516-271-0200 
FAX -516-271-4450 


Electra Sales Corporation 
3000 Winston Rd. South 
Rochester, NY 14623 
Phone -716-427-7860 
FAX -716-427-0614 

Electra Sales Corporation 
1 Alder Drive 
East Syracuse, NY 13057 
Phone -315-463-1248 
FAX -315-463-1717 

Distributors 

Anthem Electronics-Military 
47 Mall Drive 
Commack, NY 11725-5703 
Phone -516-864-6600 
FAX -516-493-2244 

Hall-Mark Electronics Corporation 
6605 Pittsford - Palmyra Road, Suite E8 
Fairport, NY 14450 
Phone -716-425-3300 
FAX -716-425-7195 

Hall-Mark Electronics Corporation 
3075 Veterans Memorial Hwy 
Ronkonkoma, NY 11779 
Phone -516-737-0600 
FAX -516-737-0838 

MAST Distributors, Inc. 

710-2 Union Parkway 
Ronkonkoma, NY 11799 
Phone -516-471-4422 
FAX -516-471-2040 

Pioneer Standard 
68 Corporate Drive 
Binghamton, NY 13904 
Phone -607-722-9300 
FAX -607-722-9562 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Phone -716-381-7070 
FAX -716-381-5955 

Pioneer Standard 
14A Madison Road 
Fairfield, NY 07006 
Phone -201-575-3510 
FAX -201-575-3454 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Phone -516-921-8700 
FAX -516-921-2143 


Military Distributor 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2110 Smithtown Ave. 
Ronkonkoma, L.I., NY 11779 
Phone -516-737-4500 
FAX -516-737-4520 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

NORTH CAROLINA 

Representatives 

Southeast Technical Group 
700 N. Arendell Ave 
Zebulon,NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributors 

Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone -919-872-0712 
FAX -919-878-8729 

Pioneer Technologies 
9401 L Southern Pines Blvd 
Charlotte, NC 28210 
Phone -704-526-8188 
FAX -704-522-8564 

Pioneer Electronics 
2810 Meridian Parkway , #148 
Durham, NC 27713 
Phone -919-544-5400 
FAX -919-544-5885 
Military Distributor 
Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

NORTH DAKOTA 

Representative 

HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 
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Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr. 

Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
10300 Valley View Rd, Ste 101 
Eden Prairie, MN 55344 
Phone -612-941-2600 
FAX -612-941-5778 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

OHIO 

Representatives 

Scott Electronics, Inc. 

Corporate Headquarters 
360 Alpha Park 
Cleveland OH 44143-2240 
Phone -216-473-5050 
FAX -216-473-5055 

Scott Electronics, Inc. 

3131 South Dixie Drive 
Dayton, OH 45439-2223 
Phone -513-294-0539 
FAX -513-294-4769 

Scott Electronics, Inc. 

916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone -614-882-6100 
FAX -614-882-0900 

Scott Electronics, Inc. 

10901 Reed Hartman, Ste. 301 
Cincinnati, OH 45242-2821 
Phone -513-791-2513 
FAX -513-791-8059 


Distributors 

Hall-Mark Electronics Corporation 
5821 Harper Road 
Solon, OH 44139 
Phone -216-349-4632 
FAX -216-248-4803 

Hall-Mark Electronics Corporation 
400 E. Wilson Bridge Rd, Ste S 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Pioneer Standard 
4800 E 131st Street 
Cleveland, OH 44105 
Phone -216-587-3600 
FAX -216-587-3906 

Pioneer Standard 
4433 Interpoint Blvd. 

Dayton, OH 45424 
Phone -513-236-9900 
FAX -513-236-8133 

Pioneer Standard 
5440 Naiman Parkway 
Solon, OH 44139 
Phone -216-349-1300 
FAX -216-349-0754 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

OKLAHOMA 

Representative 

Nova Marketing Incorporated 
4924 S. Memorial, Suite 1339 
Tulsa, OK 74145 
Phone -918-660-5105 
FAX -918-665-3815 

Distributor 

Hall-Mark Electronics Corporation 
5411 S. 125th East Ave., #305 
Tulsa, OK 74146 
Phone -918-254-6110 
FAX -918-254-6207 


Military Distributor 

Zeus Components, Inc. 

1800 N. Glenville, Ste 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

OREGON 

Representative 

Northwest Marketing Associates 
6975 SW Sandburg Rd, Ste 330 
Portland, OR 97223 
Phone -503-620-0441 
FAX -503-684-2541 

Distributors 

Almac Electronics 
1885 N.W. 169th Place 
Beaverton, OR 97006 
Phone -503-629-8090 
FAX -503-645-0611 

Anthem Electronics Incorporated 
9090 S.W. Gemini Drive 
Beaverton, OR 97005 
Phone -503-643-1114 
FAX -503-626-7928 

Wyle Laboratories 
9640 SW Sunshine Ct, Ste. 200 
Beaverton, OR 97005 
Phone -503-643-7900 
FAX -503-646-5466 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Ste E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

PENNSYLVANIA 

Representatives 

Omega Electronic Sales Incorporated 
2655 Interplex Dr., #104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 

Scott Electronics, Inc. (W. PA) 

360 Alpha Park 
Cleveland, OH 44143-2240 
Phone -216-473-5050 
FAX -216-473-5055 
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Distributors 

Anthem Electronics, Inc. 

355 Business Ctr. Dr. 

Horsham, PA 19044 
Phone -215-443-5150 
FAX -215-675-9875 

Hall-Mark Electronics Corporation 
11000 Midlantic Drive, Suite 5 
Mt. Laurel, NJ 08054 
Phone -609-235-1900 
FAX -609-235-3381 

Hall-Mark Electronics Corporation (W. PA) 
5821 Harper Road 
Solon, OH 44139 
Phone -216-349-4632 
FAX -216-248-4803 

Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Pioneer Technologies (W. PA) 

259 Kappa Drive 
Pittsburgh, PA 15238 
Phone -412-782-2300 
FAX -412-963-8255 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

RHODE ISLAND 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Ste 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone -203-575-1575 
FAX -203-596-3232 


Hall-Mark Electronics Corporation 
615 W. Johnson Ave., Bldg. 3 
Cheshire, CT 06410 
Phone -203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
FAX -203-838-9901 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

SOUTH CAROLINA 

Representative 

Southeast Technical Group 
700 N. Arendell Ave. 

Zebulon,NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributor 

Pioneer Technologies 
9401 L. Southern Pine Blvd 
Charotte,NC 28210 
Phone -704-526-8188 
FAX -704-522-8564 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Ste 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

SOUTH DAKOTA 

Representative 

HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr. 

Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 


Hall-Mark Electronics Corporation 
10300 Valley View Rd, Ste 101 
Eden Prairie, MN 55344 
Phone -612-941-2600 
FAX -612-941-5778 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

TENNESSEE 

Representative 

Southeast Technical Group 
700 N. Arendell Ave. 

Zebulon,NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributors 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35805 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technologies 
4825 University Square, #5 
Huntsville, AL 35816 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

TEXAS 

Representatives 

Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 
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Nova Marketing Incorporated 
9207 Country Creek #206 
Houston, TX 77036 
Phone -713-988-6082 
FAX -713-774-1014 


Wyle Laboratories 
4030 W. Braker, Suite 330 
Austin, TX 78759 
Phone -512-345-8853 
FAX -512-834-0981 


Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 


Nova Marketing Incorporated 
Stillhouse Canyon Office Park 
4807 Spicewood Springs Road 
Building 3, Suite 3140 
Austin, TX 78759 
Phone -512-343-2321 
FAX -512-343-2487 

Distributors 

Anthem Electronics, Inc. 

651 N. Plano Road, Suite 429 
Richardson, TX 75081 
Phone -214-238-7100 
FAX -214-238-0237 

Hall-Mark Electronics Corporation 
12211 Technology Boulevard 
Austin, TX 78727 
Phone -512-258-8848 
FAX -512-258-3777 

Hall-Mark Electronics Corporation 
11333 Pagemill Road 
Dallas, TX 75243 
Phone -214-343-5000 
FAX -214-343-5851 

Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone -214-553-4300 
FAX -214-343-5988 

Hall-Mark Electronics Corporation 
8000 Westglen 
Houston, TX 77063 
Phone -713-781-6100 
FAX -713-953-8420 

Pioneer Standard 
1826 Kramer Lane, Suite D 
Austin, TX 78758 
Phone -512-835-4000 
FAX -512-835-9829 

Pioneer Electronics 
13765 Beta 
Dallas, TX 75244 
Phone -214-386-7300 
FAX -214-490-6419 

Pioneer Standard 
10530 Rockley Rd., Suite 100 
Houston, TX 77099 
Phone -713-495-4700 
FAX -713-495-5642 


Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone -214-235-9953 
FAX -214-644-5064 

Wyle Laboratories 
11001 S. Wilcrest, Suite 100 
Houston, TX 77099 
Phone -713-879-9953 
FAX -713-879-6540 

Military Distributor 

Zeus Components, Inc. 

1800 N. Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

UTAH 

Representative 

Wescom Marketing 
3500 So. Main, Suite 100 
Salt Lake City, UT 84115 
Phone -801-269-0419 
FAX -801-269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
FAX -801-973-8909 

Hall-Mark Electronics Corporation 
2265 South 1300 West 
West Valley City, UT 84119 
Phone -801-972-1008 
FAX -303-790-4991 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley City, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 


VERMONT 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Ste 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -617-935-9777 
FAX -617-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

VIRGINIA 

Representative 

Electronic Enginnering & Sales Incorporated 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Distributors 

Anthem Electronics 
9020A Mendenhall Court 
Columbia, MD 21045 
Phone -301-995-6640 
FAX -301-381-4379 
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Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
15810 Gaither Drive 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301 -964-9784 

WASHINGTON 

Representative 

Northwest Marketing Associates, Inc. 
12835 Bel-Red Road, Ste. 330 
Bellevue, WA 98005 
Phone -206-455-5846 
FAX -206-451-1130 

Distributors 

Almac Electronics 
14360 Southeast Eastgate West 
Bellevue, WA 98007 
Phone -206-643-9992 
FAX -206-643-9709 

Almac Electronics 
East 10905 Montgomery 
Spokane, WA 99206 
Phone -509-924-9500 
1-800-325-6545 
FAX -509-928-6096 

Anthem Electronics Incorporated 
19017-120th Ave. N.E;, Ste. 102 
Bothell, WA 98011 
Phone -206-483-1700 
FAX -206-486-0571 

Hall-Mark Electronics Corporation 
250 Northwest 39th, Suite #4 
Seattle, WA 98107 
Phone -206-547-0415 
FAX -314-291-0362 

Wyle Laboratories 
15385 NE 90th Street 
Redmond, WA 98052-3522 
Phone -206-881-1150 
FAX -206-453-0071 


Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

WEST VIRGINIA 

Representative 

Scott Electronics, Inc. 

916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone -614-882-6100 
FAX -614-882-0900 

Distributor 

Hall-Mark Electronics Corporation 
400 E Wilson Bridge Rd, Ste S 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 n 

WISCONSIN 

Representative 

Oasis Sales Corporation 
1305 North Barker Road 
Brookfield, WI 53005 
Phone -414-782-6660 
FAX -414-782-7921 

Distributors 

Hall-Mark Electronics Corporation 
16255 West Lincoln Avenue 
New Berlin, Wisconsin 53151 
Phone -414-797-7844 
FAX -414-797-9259 

Pioneer Standard 
120 Bishops Way, #163 
Brookfield, WI 53005 
Phone -414-784-3480 
FAX -414-784-8207 


Military Distributors 

Zeus Components, Inc. 

100 Midland Ave. 

Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Ste 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

WYOMING 

Representative 

Wescom Marketing 
3500 South Main, Suite 100 
Salt Lake City, UT 84115 
Phone -801-269-0419 
FAX -801 -269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
FAX -801-973-8909 

Hall-Mark Electronics Coporation 
2265 South 1300 West 
West Valley City, UT 84119 
Phone -801-972-1008 
FAX -303-790-4991 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley City, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 
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AUSTRALIA 

Representative 

Reptechnic Pte. Ltd. 

3/36 Bydown Street 
Neutral Bay NSW 2089 
Australia 

Phone -612-953-9844 
FAX -612-953-9683 

AUSTRIA 

Distributor 

Thomas Neuroth Ges. m.b.H. 

Hietzinger Hauptstrasse 

22/A/2 

A-1130 Vienna 

Austria 

Phone -431-82-56-45 
FAX -431-82-84-920 

BELGIUM 

Representative & Distributor 

MCA - Tronix SPRL 
Parc De Recherches Du 
Sart Tilman 
Av. Des Noisetiers 
B-4031 Angleur 
Belgium 

Phone -32-41-67-4208 
FAX -32-41-67-6331 

DENMARK 

Distributor 

Henckel Elektronik 
Industriparken 4 
4960 Holeby 
Denmark 

Phone -45-53-906333 
FAX -45-53-906422 

FINLAND 

Representative & Distributor 

Integrated Electronics OY AB 
Turkhaudantie 1 
P.O.Box 160 
00700 Helsinki 
Finland 

Phone -358-0-351-3133 
FAX -358-0-351-3134 


FRANCE 

Representative 

Rep'Tronic, SA 
1 bis, Rue Marcel Paul 
Batiment A 
Z.I. De La Bonde 
91300 Massy 
Phone -33-1-60-13-9300 
FAX -33-1-60-13-9198 

Distributors 

Datadis 

3 bis, rue Rene Cassin 
BP 84-Z.I. de la Bonde 
91303 Massy Cedex 
France 

Phone -331-69-204141 
FAX -331-69-204900 

LEX Electronics 

60-62, rue des Gemeaux-Silic 580 

94653 Rungis Cedex 

France 

Phone -33-1-49-78-4848 
FAX -33-1-49-78-0699 

Paris Sud Electronique 
12, rue Rene Cassin 
91300 Massy 
France 

Phone -33-1-69-20-6699 
FAX -33-1-69-20-7532 

RTF Diffusion 
79 Rue Pierre Semard 
92320 Chatillon 
France 

Phone -1-49-65-2626 
FAX -1-49-65-2649 

GERMANY 

Representative 

Advanced Semi Conductor Products 

Kapellenstrasse 9 

D-8025 Unterhaching 

Munich, Germany 

Phone -49-89-61-9076 

FAX -49-89-61-9070 

Distributor 

Metronik GmBH 
Leonhardsweg 2 
8025 Unterhaching 
Germany 

Phone -089-611-08-0 
FAX -089-611-64-68 


HONG KONG 

Representative 

Lestina International Ltd. 

Rm 405, Park Tower 
15 Austin Rd 
Tsimshatsui, Kowloon 
Hong Kong 
Phone -852-735-1736 
FAX -852-730-7538 

INDIA 

Distributor 

Silicon Electronics 
3350 Scott Blvd. 

Suite 1201 

Santa Clara, CA 95054 
Phone -408-988-4408 
FAX -408-988-4431 

INDONESIA 

Representative 

Desner Electronics 
(FE) Ltd. 

42 Mactaggart Rd. 

#04-01 Mactaggart Bldg. 
Singapore, 1336 
Phone -65-285-1566 
FAX -65-284-9466 

IRELAND 

Representative 

New England Technical Sales Ltd. 
The Diamond 
Malahide County Dublin 
Ireland 

Phone -353-1-450635 
FAX -353-1-453625 

Distributor 

Lyco, Ltd. 

Estuary House 
New Street 
Malahide, Dublin 
Ireland 

Phone -353-1-452-020 
FAX -353-1-452-414 
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ISRAEL 

Representative/Distributor 

Rapac Electronic, Ltd. 

Mailing Address: 

P.0. Box 18053 
Tel Aviv, Israel 61180 
Office Address: 

#7, Kehilat Saloniki Street 
Tel Aviv, Israel 69513 
Phone -972-3477115 
FAX -972-3-493-272 

ITALY 

Representative & Distributor 

Moxel S.R.L. 

Via C Frova 34 
20092 Cinisello Balsamo 
(MI) Italy 

Phone -39-261290521 
FAX -39-261-72582 

Distributor 

EUR Elettronica S.P.A. 

20094 Assago (MI) 

Sede: Via E. Fermi, 8 
Partita IVA 00883800153 
Italy 

Phone -02-4880022 
FAX -02-48802 75 

JAPAN 

Distributor 

Sanyo Electronic Co. 

Natsume Bldg., 4th Floor 
18-6, 2-Chome 

Yushima, Bunkyo-Ku, Tokyo 113 
Japan 

Phone -81-3-3818-4330 
FAX -813-3818-1124 

KOREA 

Representative 

Eastern Electronics, Inc. 

3rd Floor, Yoowha Bldg. 

995-16, Daechi-Dong 
Kangnam-Ku, Seoul, Korea 
Phone -822-553-2997 
FAX -822-553-2998 


THE NETHERLANDS 

Distributor 

Microtron 
Postbus 188 

NL - 1243 ZK Graveland 
The Netherlands 
Phone -31-35-61834 
FAX -31-35-62709 

NEW ZEALAND 

Representative 

Reptechnic 
3/36 Bydown Street 
Neutral Bay, NSW 2089 
Australia 

Phone -612-953-9844 
FAX -612-953-9683 

NORWAY 

Distributor 

BIT Elektronikk AS 
P.O. Box 36 
3401 Lier 

Lierbyen, Norway 
Phone -47-3-847099 
FAX -47-3-845510 

PHILLIPINES 

Representative 

Desner Electronics 
(FE) Ltd. 

42 Mactaggart Rd. 

#04-01 Mactaggart Bldg. 
Singapore, 1336 
Phone -65-285-1566 
FAX -65-284-9466 

PORTUGAL 

Representative & Distributor 

ATD Electronica LDA. 

Rua dos Lusiadas 5,5. 

SalaB/K 
1300 Lisboa 
Portugal 

Phone -351-1-362-0290 
FAX -361-1-362-1068 

SINGAPORE 

Representative 

Desner Electronics 
(FE) Ltd. 

42 Mactaggart Rd. 

#04-01 Mactaggart Bldg. 
Singapore, 1336 
Phone -65-285-1566 
FAX -65-284-9466 


SPAIN 

Distributor 

ATD Electronica, S.A. 

Plaza Cuidad de Viena, 6 

28040 Madrid 

Spain 

Phone -341-534-4000 
FAX -341-534-7663 

SWEDEN 

Representative & Distributor 

IE Komponenter AB 
Box 11 113 
S161 11 

Bromma, Sweden 
Phone -46-8-804685 
FAX -46-8-262286 

SWITZERLAND 

Representative 

Micron Technology 
Casa Fuchs CH-6984 
Pura Switzerland 
Phone -41-9171-3785 
FAX -41-9171-3889 

Distributor 

Anatec 

Sumpfstrasse 7 
CH-6300 ZUG 
Switzerland 
Phone -41-42-412-441 
FAX -41-42-413-124 

Pabstronic AG 
Aarauerstrasse 20 
5200 Brugg 
Switzerland 
Phone -41-56-41-7957 
FAX -41-56-41-0792 

TAIWAN, R.O.C. 

Representative & Distributor 

ASEC 

7F, No. 344-1 Min-ShengERd 
Min-Sheng Commercial Bldg 
Taipei, Taiwan R.O.C. 

Taiwan 

Phone -886-2-505-7025 
FAX -886-2-501-1524 
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UNITED KINGDOM 

Representative 

Micron Technology, Inc 

European Office 

Suite 17 

Kinetic Centre 

Theobald Street 

Borehamwood 

Hertfordshire 

WD6 4SE United Kingdom 

Phone -44-81-905-1255 

FAX -44-81-905-1126 

EURO Rep. 

Saville Court, Saville Place, 
Clifton, Bristol BS8 4EJ 
United Kingdom 
Phone -44-272-237-594 
FAX -44-272-237-598 

Distributor 

Abacus Electronics PLC 
Abacus House, Bone Lane 
Newbury, Bukshire 
RG145SF 
United Kingdom 
Phone -0635-36222 
FAX -0635-38670 

Bytech Computers, Ltd. 

12 A Cedarwood, Chineham 
Business Park 

Crockford Lane, Basingstoke 
Hampshire, RG24 OWD 
United Kingdom 
Phone -44-256-707-107 
FAX -44-256-707-162 

Thame Components 
Thame Park Road 
Thame, Oxon, 0X9 3UQ 
United Kingdom 
Phone -44-84-426-1188 
FAX -44-84-426-1681 


12-28 



MICRON 

S TECHNOLOGY. INC. 


Micron Technology, Inc. 
Marketing Department 
2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 368-3900 
FAX: (208) 368-4617 


